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A TEXT-BOOK OF ASSAYING. 


CIIAI’TKU 1. 

INTBODTJCTOBY. 

Assaying ha< foi' it» Glijoct the delermiualion of the quantities ol 
lliose constituents of a uuUctial whicli add to or detract from iU 
value in the arts and inanufaeUires. The methods of assa^dag 
arc mainly tliose of analytical chemistry, and are limited by various 
practical conshlerations to tho determination of the conslituento 
of a small parcel, which is frequently only a few grains, and rarely 
more than a few onma's, in weight. From these deteianinations 
calculations are mode, which have rcfereni-e to a mass of material 
of, perhaps; hundreds of tons. But in all cases, whether the mass 
under consideration be large or sm.ill, whether the material ho 
obtained by mining, grown, or manufacturcd, the assaycr is sup¬ 
posed to receive a small quantity, called “ the sample,” which is, or 
ought to be, the exact count Tpai-t of the mass of material that is 
being dealt with. The taking and making of this .sample is 
termed “ samiding”; and the men whoso special work it is to select 
such samples are “ the samplers." 

But although “sampling” is thu.s di-stincl from “ a.s.sivying,” the 
assaycr should be familiar with the principhos of sampling, and 
rigorous in the application of the-so prineiplc.s in the selecting, 
from the simple sent him, that smaller portion upon which he 
performs his operations. 

Sampling .—In the, cute of gases, there is aljsolutely no trouble 
In mixing. The only difficulty is in drawing off a fair sample 
where, as in flues, the body of the gas is in motion, and varies a 
little in composition from time to time. In this case, care must 
be taken to draw off uniformly a sufficient volume'of the gaJ dunug 
a prolonged period; any portion of this'larger ilblame may then 
he taken for the analytical operation. 



3 


TJXT-BOOK Of ASSATOtO. 


Iniheom ofUquiSt, which mix more or less easily—and tSia 
class includes metals, drc., in the state of fusion—more or less 
severe aptation, followed by the immediate withdrawal of a pdh- 
tion, will yield a fairly representative sample. 

In the cage of tolidt, the whole mass must be crashed, and, if 
not already of fairly uniform quality, mixed, before sampling can 
taH place. Must of the material whicti a sampler is called upon 
to deni wUh, is, however, in a more or Irs- divided state and fairly 
uniform. In pr.ictico it is assumed that; jier cent, of the whole 
(= if taken in portions of equal woleht and at frequent and 
repilar interwds, will repre.«enl the n!a.>» from which it was taken. 
Taking a heap of o:o, A, and selecting one out of every twenty 
spado-, bag-, Irarrow-, or w’agon-fu'.sf according to til ■ quantity of 
stuff in the heap, there is oblaiued a second Ije.iji B, cot.taining 
ono-twentielh of the .stuff of tiio hea[i A. I f v c la usli the stuff in 
B until this hoap contains appioxiuiately the same number of 
stonesas A diil -which means, crushing cveiy stone in B into .about 
twenty pieces - B will become the countepp.irt of A. Selecting 
in the same manner 5 jair cimt. of B, there is got a third heap, C. 
This alternate rt'ductio’/and jiulverising must bo carried on until 
a saiuple of suitable size is obtained. This may be expressed very 
clearly thus:— 


A SB 1000 tons of iOcks and lumpv ore. 

fi s 50 H >, ronirb stones, ^th of A. 

0 K 2.5 „ small stonas, , 4 th of B. 

D = 0.125 „ ,. coarse Dowder, ,15th of C. 

If the material to be .sampled is already a dry powder, 5 per 
cent, of it should be heaped in a cone; each lot being added oa 


Fro. t. 
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apex Tif the cone already formed, so fliat ft may distribute 
Itself by faJIing evenly in all directions. When the cone is com< 
pleted, convert it into a low fnistrum of a cone by drawing stuff 
uniformly and in a direct line from the centre to the drcum- 
feren e. Draw two diameters at right angles to each other, and 
reserving any two alternate quarters, reject the others. Mix; and 
form another cone, and proceed until a sample is got of the Dulk 
required. , • 

'I'l is is the usual plan, and all samples should he treated in this 
way when the stuff is fine enough to fall evenly down the sides of 
a cone. 

Samples as they reach the mesay ollice are seldom in a fit state 
for the work of the assayerq they are genoridly too coarse, and 
ought alwirys to be more than he wants for any particular deter¬ 
mination. The jioition he reqiutvs shoul,' never be taken at 
hap-ha;card; the sample must lia r educed systematically to the 
quantity reriuiied. 

1. Jf the. sample is a liquid: it is suflicieut to shake the bottle, 
and take out a niea.sured or weighed (luiiutity for tho assay. 

2. Jf a liquid with a solid in, susqieiisimt: measure the whole 
of it. filter. Make up the filtrate with the wash-water or water 
to the original bulk. As.suy it. Dry and weigh tho residue, and 
make a seiianite assay of it. 

3. If of a creamy consistency, free from heavy particks: mix well; 
spread out evenly on a glazed tile. Take up equal portions at 
equal distances. Mix and assay. 

If a mndof coarMavd fine partides, or of particles of unequal 
density; w-eigh and transfer to a porcelain dish, or weigh in tho 
dksh. Dry at 100’C., weigh. Treat the re.sidue as a solid cafrable 
of being powdered. 

%. If a solid capable of being powdered, or already powdered: 
heap up into a cone; fiatten with a spatula; divide along two 
diameters at right angles, and carefully reject the whole of two 
alternate quarters, brushing away any fine powder. Mix the 
other quarters, and repeat (ii necessary). For small quantities a 
fine state of division is essential. 

6 . If a solid with metallic partides; powder and pass through 
a sieve; the metallic particles will not pass through. Weigh Ijoth 
portions and assay separately. Sifting should be followed by a 
very thorough mixing. • 

T. If a metal or <Jloy in bar or ingd : clean the upper surface 
oietbe bar, and bore through the bu. Use theJoorings. • If the 
ingot or'bar is small, cut it through and^le the gection. Filings 
must be freed from fragments of the file by means of a magnet; 
and from oil, if any be present, by washing with a suitable 
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•olvent.* W here pratticaUe, metals and alloys are best samnled^y 
melting and granulating. Tlio student must carefully avoid any 
chance of mixing dirt or particles of other samples with the par¬ 
ticular sample which he is prc|iaring. One ore should he done at 
a timo, and when finished, it should be labelled and wrapped up, 
or Imttlod, before shirting on a fresh sample. 

When an ore requires to he very finely ground in an ng.ate 
moitar, ibis often advisable to mix with a little pure alcohol and 
rub until free’from grit; dry at loo* 0. and mix well before 
weighing. 

When an assay is r^uired of a*quantity of oro made up of 
parcels of difierent weight and quality, ftich pai’cel should lie 
sepratoly sampled and parts of fjgch sample, Isjaring to each 
other the samo proportion by weight as the oiiginal parcels, 
should be taken and mi.xed. Kor example, a lot of ore is made 
up of one pareel of A, 570 tom^ one of It, 180 tons, and another 
of C, 50 tons; a sample repicsentinjf the whole may lie got by 
uti^ng 57 puds of a aamplo of A with 18 pacts of a .sample of 13 , 
and 5 parts of a s.amplo of C. 

A bruising plate, likatthat in fig. a, is couvenient for general 
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ofiloe work. Tlxe slab is of cast iron, about an inti thick. It is 
firmly supported on a solid block of wood, and pivoted for con¬ 
venience in emptying. Tlie bruising-hammer is steel-faced, about 
4 inchre sqicire,^ 1 1 inch thick. The block is firmly fixed te a 
small table or (ressel, sh that the slab is about a feet 6 indies 

Ether or cerbon biculphlde. 
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fittm the groand llio dab is c1eaiie<i, aqjl the sample collected - 
with the help of i stiff-haired bnish. 

, Drying: Determination of Moisture.—In prtictiie, th( 
moisture is {:ciicrallj uetermined by the samplers, and the pro- 
]Kjrtion is speiuiied in grains per pound on fho label attachod (o 
the Ktmple when it reaches the aastiy oilice. ' a method adopted 
is usually to dry i lb. = 7000 grs. ot the oro in a fryingjmn 
heated over a gas flame, or in an orJiuai-y oven, until a cold bnght 
piece ef meta' or glass is no longer dumped wiieu hSld over it. 
The loss of weight in grains = iiioi.sture. 

Proi)erly, however, this w<'rk should be done by the asaayer, if 
only for the following reason. It is a.ssumed that the diy ore of 
the sampler and of the assayor are tlio same thing; according to 
the nature of Iho oio, this*may or may not he the case. The 
nsaayer, however, uses the sample which he has <lricd for his 
moisture-determination, as the diy ore on which ho makes his 
other assays, and no Viiriation iti moisture would influence the 
other and more imporlaut dclciminations. Home ores aio sent 
to the smelter with from 5 to 15 jsor i.’cnt. of adhoront water. In 
these cases it is beat to spread out tlio sample, and taking equal 
portions fiiirly at regular iuteivids, weigh into a llerlin dish 20 
grams. This should then he dried over a sand-l<alh, or if the ora 
is likely to he injured by excess of heat, over a wuter-lsith until 
the weight is constant. The loss of weight multiplied by 5 gives 
the [lercentuge of water pnwent. 

Eiam)ile;— 


Weight of disli + wol&am . # • 

. 32.67 grms. 

»* 

„ dish . . . . . 

. 12.67 » 

n 

n wolfram see* 

. 20.00 , 

• 

„ dish+wolfram . • , 

• 3267 > 

w 

.. „ dried . • . 

. 30->5 - 

m 

H water . . « e . 

.= 2.52 „ 


3.52x5912.6 

i 3 .ev. 


There are other ores which are not apparently wet, but in the state 
called “ airidiied.” It is easier to Ue fair samples of these, and, 
consequently, it is not necessary to use so large a quantity as 20 
grams. But with a smaller quantity, extra precautions must be 
taken. All dry solids at ordinaiy tempejatures absorb moisture 
from tbe air. The amount viiries with the nature of the material 
wd with the quantity of surface exposed. Light bulky powders 
absorb snore than heavy ones, because Qf tbe gfeater oomleDsing 
surface. It is on this account that it is well toVeigh substances, 
which have been dried, between close-fltting watdi-glasleB. ^The 
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ujotliod of deteiminui^ moisture is to weiKli out into the glas^ 
5 gTiiins of ore, and diy in the waltr-oven until there is no furthci 
loss of weight. On taking t!.e glasses out of the oven, they should 
be at once closed, the clii) put on, .nid after cooling in a desiccatdV 
weighed. If after a .second trial the lo.s.s is the sjinie, or only in 
leased by a milligram, the determination is iiuishcd. 

Kxample 

Weiclit of gkissc.s +pyrites . . . 31.0^70 grms. 

* „ •glosses.26.0470 „ 


, y.ooofj n 

. !o.So 65 „ 

. 3U.lt957 .. 

. .)i-O 470 ,. 

• 30-6957 .■ 


„ pyrites .... 

4 

„ glavM*s4 pyritfs, drif'l I hnur 

!• t) •• $t It 


dried 


„ „ mou>turo . . « . . . 0.1513 

0.1513x20=3.026 8.02\,. 

Somiitiuies it may ha advkihle to diy 10 gmm.s, in which case 
multiplying the loss liy 10 will give the percentage. The drieil 
OTO should lie’traij.sfcvicd to a v.eighing-tnbe (fig. 3), 
and I’esorved for the suhso(|ucnt determinations. The 
weighing-tutio with Uie ore must lie uiarkod, and kept 
in a dosicBitor. 

Most ores and inorgmnic sulistances can tie dried, 
and their moisture determined by the loss in this 
way. When, however, the substance contains another 
somewhat volatile ingredient, it is e.v|iosed over sul¬ 
phuric acid in a desiccator for two day.s (if in mono, 
all the better), and the Io.ss deieiinined. Moisture 
in dynamite should lie determined in this way. 

When water is simply mechanically mixed with a 
substance it presents but little dilficidty. The com¬ 
bined water is a diHerent matter. Slaked lime, even 
when iierfectly dry, contains much water; and if the 
water of soda crystids wcisi separated and frozen, it would 
occupy a volume cijual to that of the original crystals. Perfectly 
diy substances may contain much water, and this combined water 
is retained by different materials with very unequal vigour. 
Sodium sulphate and sodium phosphate crystals lose water 
even when exposed under ordinary conditions to diy air. Soda 
crystals when heated melt, and at a moderate temperature give 
off tbeiii, water with ebullition. Tlie temperature at which aK 
the water is givei^ up varies with each particular salt; the actual 
determinption of the water in each case will require somewhat 
different treatment. Such determinations, however, are seldon 
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required; and fr im a practical point of« view this combined 
water causes no tr ouble. 

,/n assaying ores, we term “ moisture ” all water which is lost 
by exposure in a water-oven at loo* C., and the ** dry ore” is the 
ore which has been dr-ied at this tomi>oraturc. No advimtago, but 
ratber endless coirfusion, would bo caused by r ing the teni|)er-a 
ture with the object of estimating the whole of the water whidi r 
hydrated salt rtray contain. The results of the assay of^the oilier 
components st ould lie calculated on the “ dry ore.” *006 advantage 
of this is ohvl lus:—The dry ore has a constant composition, and 
the results of all a-ssays of itswill be the same, no matter when 
mad ; the moisture, however, may vary from day to day, and 
would be influenced by a pa.ssing shower of luiir. It is well to 
limit this variability to the luoistirro by considering it apart, and 
thus avoid having the pcrccutage, say, of cop^ier rising and falling 
under the inllucmsr of the weather. 

In the case of certain salts, hofever, such as soda crystals and 
hydrated sulphate of copjx'r (when these constitute the bulk of 
tlie substance to be as.sayed), it is as well to perform the assay 
on the moist, or at any rate air-dried, suhstiiice.* It would 
lie equally convenient to Hilculatc on the substance diicd at 
loo” C.; but in this ca.se it would lie well, in order to avoid 
a somewhat shallow criticism, to replace the term “ moisture ” by 
the longer but equivalent jihrase “ water lost at ioo° C.” 

Calculation and Statoment of Hesults.—Jly firr the most 
generally conveirieut method of stating the results of an assay is 
that of the percentage or parts in a hundred, and to avoid a 
noedle.s.sly troublesome calculation it is well to take such a qmintity 
of ore for each assay as by a simple multiplication will yield the 
percentage. In these calculations decimals are freely employed, 
and students should make themselves familiar with the methods 
of using them. 

Other methods of statement are in use, and have advantage- 
in certain sjiecial cases. With bullion the parts in a thousand 
are given, and in those cases in which the jrercentage is very 
small, as in water analysis, it is convenient to report on parts 
in 100,000, or even on parts per i,000,000. The.se are easily 
got from the corresponding percentages by shifting the decimal 
point one, three, or four places to the right. Thus 92.5 percent, 
is 925 per thousand; and 0.0036 per cqpt. is 3.6 per 100,000, 
or 36 per million. 

, With ores of tin, silver, and gold, the result is stated as so many 
owts., lbs., or OZB., in the ton. With dressed tih ores as^hey arc 

• * 

* Such Bubslacces are best dried by pressing between fo^ds of dry 
filmi'papei. 



TKXT-BOOK OF A^AYIHO, 


fOul to the sHnillor, fc« produi* is given in wts. End quart^ 
to tlio ton. Tlift (xirfosiKjndinf: pcrccnliigo may be obtained oy 
multiplying by live; or, inversely, if the porcenlage is given, tiia 
produce imiy bo got by divining by five. A jiioducc of i equids 
a pereentugii of 13.5 x 5 =67.5 ; nnd a peirentagc of 70.0 equals a 
pioduee of 70 ■7-5 = 14. Witi. tin ore.< as nii'cd (in which tho 
peiwnbige !.< Miiall) the ivduction must t)e carried to pounds per 
tow One per cent, cijii.d: 22.4 lljs. to the tor ; consequently, if 
we umltiiVy tlie pereeuljga. l.y 2^.4, ihe produce will bo given. 
Thus, if an ore*eontjiius 6.7 per cent, of oxide of tin, the produce 
is 6.7 X 22.4=--150 Ills, (or I cwt., I qiiuitej-. nnd 10 lbs.) to the 
Ion. With gold jind silver ores, the'pi-eportiou of pieeious metal 
is sniidl, and it is necessny to carry tlic reduction to 02s. .and 
d»1.s. to the ton; and tiiieo gold nnd .silver are sold by troy 
weight, whilst the ton is avoirdupois, it is of impoitanec to 
remembei-that tbe ounees in the two .“yslems are not the same. 
A ton contains 15,680,000 grain.s, wliieli equal 653,333.3 dwte. 
or 32,666.6 02S, (trey). 'The following rales are useful;— 

To gel ozs. (iroy) )'er ton, mnlliply jurts per 100,000 by 0.327; 

To get dw'ts. per ton, jinliiply parts per 100,000 by 6.53 ; 

To got grains per ton, multiply jrarta {a-r 100,000 by 156.8. 

Wheie liquids are being assayed, cubic centimetres arc held to 
bo equivalent to grams, and the usual method of statement is, 
“ so many parts by weight in so many by measure.” Where the 
statement is made as grams per litre or grains per gallon, (here 
can be no doubt os to What is meant; and even if it he expressed 
in parts per 100,000, parts by weight in a measured volume must 
be undeistood ludcss ihe contrary is exprcs.'Iy stated. 

In some cases, where the density of the solution diflers greatly 
from that of water, the peiwntoge by weight may be given ; and 
in otliors, mixtures of two or more liquids, the percentages may 
be given by volume or by weight; as so many e.c. in 100 c.c., or 
as so many grams in 100 grams, or even as so many grams in 
100 C.C. In such cases it must be distinctly shown whicli method 
of statement is adopted. 

One grain per gallon means i grain in 70,000 grain-measures, 
or one poit in 70,000. Diviiling by 7 and multiidying by 10 
will convert grains per gidlon into part- per 100.000. " Inveraely, 
dividing by to and multiplying by 7, will convert parts per 
100,000 into grains per gallon. 

Grams per litre are parts per 1000; multiplying by 100 will give 
parts per 100,000, and multiplying by 70 will give grains per gallon, 

Among foreign aj-steuis of weignta, tbe h'ranch is by far tiA 
best. Kilograms) (2.205 per quintal (220 5 lbs.) are parts 
per cent-: and grams (15.43 grs.) per quintal are parts per 
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I JO,000. FVom ‘lio rule alraidy gheu, gjanis per ijuintal may 
be converted in. ounces to the ton by multiplying by 0.3*7. 

The QeiTumi If.bs per centner (J oz. (avoirdupois) to 100 lbs.) 
e*|Uiil parts per 3200 , they aro oonvei-ted into parts per cent, by 
dividing by 32, or into ounces (troy) per ton by multiplying by 
ro.2o8. 

In the TJiiited Stales, ns a sort of compromise lietwecn^tlie 
ivoirdupois and metric systems, a ton is taken as^zooo lbs. 
There, too, the custom is adopted of repoj iing the»gold ajid .silver 
contents cf an ore us so many dollnrs and cents to the ton. In 
the case ot gold, an ounce,is considered to ho worth 20.6718 
dollars. With silver, the immiiial value is 1.2929 dollars per 
ounce, but frequently in aasay reports it is taken as one dollar. 
The practice is ohjeetion.ible.* Tlie prices of metals vary with tho 
tlnetoatiuns of tho market, and df tho assavor fixed the price, 
the (lute of his report would lie all inijiortant; if, on tho other 
hand, he takes a fixed price wliKih does not at all times agree 
with tlie maiki't one, it leaves a path open for the deception of 
tlipse unacquainted with tlio custom. American “ dollars on the 
ton of 2000 lbs.” may lie converted into “ ounces in the ton of 
2240 lbs.” by dividing liy 1.1544 in the case of silvbr, and by 
18.457 in the eii“e of gold. 

Laboratory Books ond Eeport Forms.—The reeoid which 
(be asaayer makes of )iis work must bo clear and neat, so tliat 
reference, even after an interval of yeara, should be certain and 
easy. One method should be adopted and adhered to. Where 
there are a 'urge nnmlicr of samples, three laioks are required. 

fiample Book .—^This eonlains particulars of the samples (marks, 
i’c.), which are entered by tho office-clerk as they amVe. He at 
the same time puts on each sample the distinguishing number. 

ExAiiri.! OF Page of Saucle Book. 


D«te. 


Sample. 

Itcmarki. 

I'eb. 1 

482 

Toog!) Copper . 

For Arsenic. 

>1 > 

X 

Piece of l^Ictal . . 

For and Cu. 

II ^ 

483 

Tougli Copper. 

With Letter. 

” 

73 

Silver ?rcc!fiitat.e, 

4 cafikf^, 24 ewt I qr.. 


494 

Purple Ore» 200 ton#. 

From CoreSca. 


1 J.T. 

Lead Ore, i « 7 .T. . 

M 

2 J.T. 

„ 2 J.T. 



Lab(/ratary Book. This is the Asaiyer’s nole-bdbk, in which he 
inters clearly the particulars of his work—the results ohtaSned^as 
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well as how these result were arrived at. The calculations shoiiljl 
be done on scrap-paper, and should not i)e entered, although, of 
course, detail enough must be shown to enable the results to be re¬ 
calculated. * 

Exabfls or Pack or Labobatobt Book. 


• 

Purple C^e 

19/10/1^ • 

0.0042 gna. 
aoo2i H 

5 grams 

Colorimetric 0.0063 x Hb 

m 0.13'/. Copper 

<82 

Toogb Copper 
Keb. 1/89 

• 

ro.$ cx. Urmiium. 

• 

10 grams 

• 0.52*/* Arsenic 

2082 

Tough Copper 

t 

ia7c.c. Uranium. 

10 grams 

SB a63*/, Atsenic 

491 

Tough Copper 
Feb. 1/89 

13.7 o.a Uiamam. 

10 grams 

■i 0.68*/, Arsenic 

Steud&rd of Unmium acetate. 

ai5ogramA^0, « 23.3 c.c. Uranium 

100 00. Uranium s a5 gram As. 

10071 

Tin Ore 

Feb. 3/89 

Cruc. and SnO, 9.6065 gma. 
Cruo. and Asb 9.4235 ts 

5 grams 


SnO, =01830 

W aS87. Tin 


The Auay Booh .—This is the Official book, and is a combination 
of the Sample and laboratory books. It corresponds with the 
report-ferms. Without being loaded with detail, it should conta^ 
sufficient to characterise each sample. 
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Ej .uplc or Page of Assay Book. 



When the number of samples is small, the Sample Book may be 
omitted, and the entries made in the Assay Book as the samples 
anive. 

Report-forma. These should entail as little writing as possible in 
making out the report, for general purposes the form given 
on p. 12 is useful. 

The quantity of substance to be taken for any particular 
assay depends largely upon the method of assay adopted. There 
are, however, some general considerations which should be remem¬ 
bered, and some devices for simplifying the calculations which 
should be discussed. 

The smaller the percentage of the substance to be determined, 
the larger should be the amount of the ore taken. The following 
table will give a general idea as to this 

PircenUg« oftho Mib>tao« Amount ofore, Ac.»to 

to tie determioeii be weighed, 

100-10 ... • I gram. 

10-5 a grama. 

5-1 5 .. 

i-ai 10 « 

ai-o.oi . • 20 ^ 

Tlie rougher the method of assay adopted, the larger shhuMJbe 










ASSAY NOTE. 
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Ufe quantity of c.-^ taken. If the degree ef accumry attainuble 
with the methoda and mstraments at the assayer's service is 
Iqiown, it is easy to (“dculate what quantity should be taken for 
any particular case, if the results aie good within o.ooi gram, 
then, taking i gram of ore we am rei)ort within o.i per cent., or 
if they are pood within 0.0002 gram, taking 20 grams of ore, we 
can report within i part per 100,000, or vei-y closely wiiliin 
6 J dwt. to the ton. ' If it is wished to bo yet more particular in 
reporting. la.gcr quantities must be taken. 'iTie diificiilty of 
manipulating very small or very lai'ge precipitates, Ac., must he 
borne in mind. So, too, muft the fact that the graiter the weight 
of the final product of an a.ssay, the less, os a rule, is the percent¬ 
age error. The distimiion between absolute and percentage error, 
often overlooked, is impoiiant. If 0.5 gram of silver bo cupelled 
with 20 grams of lead, there may bo obtainsd a button of 0.495 
gram ; the absolute lass is 0.005 this equals i per cent, 

of the silver prasent. Similarly, cupelling o. i gram, the resulting 
button may bo 0.098 ; the absolute loas is only 0.002 giam, bat this 
equals 2 per cent, of the silver present. In the same way the 
student should see that the two results, 91.5 per cent, and 92.0 
per cent., are leiUly more concordant than the results 9.1 per cent, 
and 9.2 per cent. 

A device often adopted in practice where a large numlw of 
assays of one kind are made, and the report is given as so many 
ounces or pounds to the ton, is that knowm as the assay ton. The 
assay ton may be any arbitrary and convenient weight, but its 
subdivisions must bear to it the same relations os pounds and 
ounces bear to the actual ton. On the other hand, in a labotsr 
tory where many kinds of work are performed, difToront sets of 
weights of this kind would only tend to confusion, even if they 
were not unnecessary. With a set of gram weights and its sub¬ 
divisions anything may be done. If it is desired to report as 
pounds to the ton, then, since there are 2240 lbs. to the ton, a 
weight of 2.240 grams may be token as the assay ton, and each 
O.OOI gram yielded will crjual i lb., or 22.4 grams may represent 
the ton, and each o.oi gram a pound. Similarly, since there are 
32,666.64)Z& troy to the ton; if we take 32.6667 grams as the 
assay ton, each 0.001 gram will equal i os. to the ton. In some 
cases it may be convenient to have, in addition to the usual gram 
weights, one or other of the “ as-say tons ’’“mentioned alx)ve, but 
generally it is better to work on a purely decimal system, and 
oqpvert when required into ounces per ton, Ac,, either bji actual 
calculation or bv referenoa to a set of taUeS. 
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PBAGTTOAL EXEBQIBBi. 

Tb« ftudent shoa)d practii^ snob calculatioiu as the following 

I. Calcnlate the percentages in the foUowing cases 

(а) Ore taken, 2 grams; coj^r fonn^ 0.2155. 

(б) „ 1.5 gram; iron found, 0.834a 

« (c) H 30 grams; lead fonnd, 23.2. 

3. Calcnlate the parts per thousand in the following:— 

(а) Bdllion taken, i.i gram; silver found, 1.017. 

(б) H 1.14 gram ; silver found, 1.026. 

(c) „ 0.6 gram; gold found, a55oa 

3. Calcnlate parts per 100,000 in the following:— 

(а) Ore taken, 20 grams; silver found, 0.0075. 

(б) „ 50 grams ; gold found, 0.0026. 

(c) Water taken, 500 c.c.; solids found, 0.1205. 

4. Calculato cwts. to the ton in tho folk wing:— 

(a) Ore taken, 5 grams; tiu f<smd, 2.816. 

(h) „ 5 grams; \m {9 and, 3.128. 

(c) An ore with 68.2 per cent, of tin. 

5. Calculate lbs. to tho ton in the folio ring 

(0) An ore with jr 28 per cent, oxide of tin. 

(b) Ore taken, 20 grams; oxld eoC tin found, I. 67 * 

6k Calculate ozs. (troy) to the ton in th t following:— 

(a) Ore taken, 50 grams | gold found, 0.0035. 

(h) „ 20 grams; silw f fovn^ 0.0287. 

(0) „ 25 grams; silwgfonnd,0.016^ 

7. Caiciilate tn grains per gallon:— 

(a) 0.51 gram per litre. 

{h) 24.6 parts per 100,000. 

(e) Solntion t^on, 100 c.c.; copper found, 0.0045 
id) ., 50 c.a; iron found, ai65 graia. 

& Convert into cun. (troy) per ton 
(a) 7 loths per centner. 

30 grams per qnintaL 
(4) 15 parts per lOObOOft 
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CHAPTER n. 

METHODS OF ASSAYIHO.-DBT OHAVIMETBIO* 
METHODS. 


Ti.* melh^ of amjong are test classed under two heads, Grari. 
motile imd Vokmetric in the fomer of which the results 

and" lT^*r *‘V“ *'**® '“‘‘f'’ tl'ey are measured. A commoner 
and older division m expressed in the terms much used in practice 
- wet assays and dry assays. Wet assays include all tLse S 
which solvents, A-c. (hcpiid at the ordinary temperature), are 
mainly used; ami dry ns.says, those in which solid Vagento ^ 
almost exclusively employed. Dry a.ssays form a branch of ^vi- 
metnc work, and we ahall include under this head all those 
a-ssays requiiing the help of a wind furnace. Wet assays as 
(jeneraJly understood, would include not only those whi 4 ’we 
class as wet gravimetric assays, but also all the volumetric 
processes. 

Grartmetrio Methods aim at the separation of the substance 
from the other matters present in the ore, so that it may be 
weighed; and, therefore, they must yield the whoU of the sub- 
stanM in a pure state. It is not neceskry that a metal should be 
Til ^ weighed in the form of a compound 

M definite ^d well known composition. For example, onepart 
by weight of alver ohlonde contains (and, if pure, always contos) 
0.75*7 prt of silvOT; and a quantity of this metal can be as exactly 
” X weighing it as chloride as by weighing it in the 

metallic state. But in either case the metal or its chloride must 
06 pure. 

Exact purity and romplete separation are not easily obtained; 

one or both of these 

r«p^. It IS well to note that an impure product increases the 
substance decreases it; so that if both 
aefects Mrt m a process they tend to neutralise each other. Of 
d« methods generally, it may be said that they neither give the 

Ilm l.fl 1 “®'' P’'®‘t P"™f so tha* they are only 

calculate to show the amount of metal that can be extm«ted on 
ft in|nufacfcunng scale, and not the aetnaJ quaiititj of it prooqirf: 
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Their det«rmmation^ are geDOrally rough and always low. fhe 
gold and .silver determinations, however, will compare very 
favoiiratily with .'Uiy of the other processes for the estimation‘of 
these metals in their orest. 

The calcidat ion of the w.siiltg of a gravimetric assay has already 
been referred to. If the result is to be stated ns percentage, it 
mffy always bo done by the fcllowing nh'. — ilidtipli/ l!ie weiijM 
of Urn Mstmipe gtsl hj the. perceuUige of metal it eontaine, (nid 
divide by the •weight o f ore taken. 

Gravinietric metliods are <lividod into three groups: (i) me¬ 
chanical sei»iratioiis; (2) dry methods; and {3) wot methods. 

lleohanioal Separations.—Under this head are okssed the 
method of assiiyiug tin ores, known as vanning, and the amalga¬ 
mation assiiy for gold. A sot of sieves to dotorniiue the relative 
pi-opoi-tion of jionders of difi'erent degrees of tiuemsss is sometimes 
useful. A seiwith 10, 20, 40^ud 80 meshes to the inch is con¬ 
venient. 

Dry Assays.—An iniport.int distiuotion between wet and dry 
methods of assaying is, tl^ in the former the substimee is got 
into the liquid shite by ilolution, whilst in the latter fusion is 
taken adv.antage of. 

The difTereneo lielweon solution and fn-sion is easily illustrated: 
a lump of sugar heated over a candle-dame melts or fuses; sus¬ 
pended in water it dissolves. Many substances wdiich are insolu¬ 
ble or infusible of theihselves, become soluMe or fusible when 
mixed with certain othera; thus, in this way, solution is got with 
the aid of reirgents, and fusion with the help of fluxes. For ex¬ 
ample, lead is insoluble in water, brrt if nitric acid be added, the 
metal rapidly dkippcars. It is conveirient, but somewhat in¬ 
accurate, to say that the acid dissolves the lead. If the lead be 
acted on by nitric acid alone, without water, it is converted into a 
white powder, which does not diasolve until water is added; in 
this case it is obvious that the water is the solvent. The function 
of the acid is to convert the lead into a soluble compound. - 

Fluxes may act as true solvents. Fused carbonate of soda 
dissolves Inrrio carbomate, and perhaps in many slags true solu¬ 
tion occurs ; but in the groat majority of aases a flux is a solid 
reagent added for the purpose of forming a fusiUe oompound with 
the earthy or stony mitrerals of the ore. Few of the minerals 
which occitr in the gflngue of an ore are fusible; and still fewer 
are sufficiently fusible for the purposes of the aesayer, conse- 
luent’y the subjert is one of importance, and it ought topbe 
treated on cbeprical pfinciples. An idea of the composition ot 
some t>{ the more freqrrently occurring rocks may be gathwed 
fxom the/ollqwing table, which represents loitgh averagee 
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Sandstone, grit^ qaartz* 
ite, &c . 

7 . 

So-loo 

7 . 

Granite, gneisiis, quart z- 
porphyry, fire-clay, &o. 

70-75 

13-20 

Mica-schist 

f’S 

18 

Trachyte, syenite . . . 

Oo 

17 

Clay-slato . > . . » 

6 o’ 

18 

Diorii^;. 

54 

*7 

Ilomblende-rock . , . 

50 

tS 

Brick-clay. 

50 * 

34 

Ghina«clay. 

47 

39 

Basalt, doloritc, &c. . . 

50 

15 

Serpentine. 

44 


Chalk, limestone, dolo¬ 
mite, ke . 


• 



Silica itself, and the silicates of alumina, of lime, and of mag¬ 
nesia, are practically infusible; the silicates of soda, of potash, 
and of iron are easily fusible if the base (soda, potash, or oxide of 
iron) be present in sufficient quantity, and if, in the case of the 
iron, it is present mainly as lower oxide (feiTOus silicate). The 
addition of lime, oxide of iron, or alkali to silicate of alumina 
results in the formation of a double silicate of alumina and lime, 
or of alumina and iron, 4 c., all of which are easily fusible. 
Similarly, if to a silicate of lime we add oxide of iron, or soda, or 
even alumina, a fusible double silicate will be formed. Thus lime, 
soda, oxide of iron, and clay, are jlvaea when properly used ; hut 
since lime, day (and oxide of iron if there be any tendency to 
form peroxide), are of themselves infusible, any excess of these 
fluxes would tend to stiffen and render pasty the resulting slag. 

tcm, soda, which is a very strong base, may act prejudicSdly if 
it be in sufficient excess to set free notable quantities of lime and 
magnesia, which but for that excess would exist in combination 
ns complex fqgible silicates. There are many minerals which with 
but little soda form a glass, but with more yield a lumpy sooria- 
ciouB mass. There are many minerals, too, which aie already 
basic (for example, calcite), and which, when present, demanc 
either a less basic or an acid flux according to the proportions in 
wl^ch they exist. For purposes of this kind borax, or gl^, or 
cla7 with more or less soda may be used, and of these borax is by 
far the most generally useful. An objection to too basic a slag 
(an^ a very impqrtont one) is the speed with which it corrodgs 
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ordinary crucibles, \bcse crucibles^ consisting of quartz and clt^, 
are rapidly attacked by lime, soda and bases genei^ly. 

In considering what is and what is not a good slag, certa^ 
chemical properties are of importance. If a mixture of many 
substances be fused and allowed to solidify in a crucible, there 
« will be found some or all of the fol- 

I V (Moriiti,ttc. lowing. At the bottom of the crucible 

(fig. 4) a button of metal, resting on 
this a speise; then a regulus, next a 
slag made up of silicates and borates 
and met.‘.llic oxides, and lastly, on the 
top another layer of slog, mainly made 
up of fusible chlorides and sulphates. 
In assaying operations the object is' generally to concentrate the 
metal sought for in a button of metal, speise or regulus, and to 
leave the earthy and other impurities as far as possible in the 
slag; whether there be one or wo layers of slag is a matter of 
indifierence; • but the chemical action of the lower layer upon the 
speise, or regulus, or metalj^ of gi-eat importance. 

A regulus is a compouncr jf one or more of the metals with 
sulphur; it is usually brittle, often crystalline, end of a dull 
somewhat greasy lustre. It is essential that the slag, when solid, 
shall be so much more brittle than the regulus, timt it shall be 
easy to crumble, and remove it without breaking the latter; and 
it must not be basic. The effect of fusing a re^us with a basic 
slag is well seen when sulphide of lead is fused with carhonate of 
eoda; the result is a button of meta’ (more or less pure), and a 
slag containing sulphides of lead and sodium ; and again, if sul¬ 
phide of lead be fused with an excess of oxide of lead, a button 
of lead will be got, and a slag which is simply oxide of lead (with 
whatever it may have taken up from the crucible), or if a suffici¬ 
ent excess has not been used, oxide of lead mixed with some sul¬ 
phide. When (as is most frequently the case) the desire is to 
prevent the formation of regulus, these reactions may be taken 
advantage of, but otherwise the use of a flux having any such ten¬ 
dency must be avoided. A good dag (from which a regulus may 
be easily separated) may be obtained by fusing, say^ 20 grams of 
oro,with borax 15 grams, powdered glass 15 grams, fluor spar, 
20 grams, and lime zo grams; by quenching the dag in water 
as soon as it has solidified, it is rendered very brittle. 

Sulphide of iron formed during an assay will remain diffused 

* ThJee Is an exception to this, as when the slag is Uable to be aotedlm 
when exposed to the air add to the gases of thelurhace. In this OSM a 
layer of dused common salt floating on the slag, so as to protect it from the 
atr,^d furnace gases, is a distinct advantaga 
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(hroagh thfl sis.;, instead of fusing into a 'jutton of regulus, if tli« 
slag contain sulphide of sodium. The same is true of other sul¬ 
phides if not present in too great a quantity, and if the tempera¬ 
ture is not too high. 

SpeUti are compounds of a metal or metals with arsenia 
They are chiefly of intciest in the motalhngy of nickel, cobalt, 
and tin. They are formed by heating the metd or ore in covered 
crucibles with arsenic and, u necessary, a reducing agent. *1116 
product is fused with more arsenic under a slag, qpnsi^ing mainly 
of borax 'They are very fusible, brittle compounds. On expo¬ 
sure to the air at a red heat the arsenic and the metal simul¬ 
taneously oxidise. When won, cobalt, nickel, and copper are 
present in the same speise^ they are eliminated in the order 
mentioned. • 

Slags from which metals are to be separated should not be 
too acid; at least, in those cases in which the metal is to be 
reduced from a compound, os,well as separated from earthy 
impurities. Where the object is simply to get a button of metal 
from a substance in which it is already in the metallic state, but 
mixed with dross (made up of metallic oxides, such as those of 
rinc or iron), from which it is desired to separate it, an acid flux 
like borax is best; or, if the metal is easily fusible, and there 
would be danger of loss of metal by oxidation or volatilising, it 
may be melted under a layer of resin or fat. Common salt is 
sometimes used with a similar object, and is often useful. Under 
oeitain conditions, however, it has a tendency to cause the for¬ 
mation of volatile chlorides with a consequent loss of metal. 

In the great majority of cases, the fusion of the metal is 
accompanied by reduction from the state of oxide; in these the 
slag should be basic. It is not ea-sy to reduce the whole of a 
reducible oxide (say oxide of copper or of iron) from a slag in which 
it exists as a borate or silicate; there should be at least enough 
soda present to liberate it. When the object is to separate 
one metal, say copper, without reducing an unnecessary amount 
of another (iron) at the same time, a slag with a go(ri deal of 
borax is a distinct advantage. The slag then will probably not be 
free from copper, so that it will be necessixry to powder and mix 
the slag with some soda and a reducing agent, and to again fuse 
the slag in order to separate this residu^ metal. In ail those 
cases in which the slag retains an oxide of a heavy metal, this 
cleaning of the slag is advisable, and id the case of rich ores 
necessary. Slags containing sulphides are especially apt to retain 
the more easily reducible metals. • 

The following are the ordinary and mbst useful fluxes:— 

Soda.—The powdered bicarbonate, sold by druggists^ “ car- 
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bonate of soda,” is ^neraily used. It gives off its water an 4 
excess of carbonie acid readily and without fusion. Where the 
melting down is performed rapidly, the escaping gas is opt to 
cause trouble by frothing, and so causing waste of the material 
Ordinary carbonate of soda, when hydrated (soda crystals), melts 
easily, and gives off its water with ebullition. It is unfit for use 
in pgsaying, but when dried it can be used instead of the bicar¬ 
bonate. pne part of the dried carbonate is equivalent to rather 
more than one’and a htilf parts of the biciirbonate. From two 
to four parts of the flux are amply sufficient to yield a fluid slag 
with one part of eartliy matter. Tlws statement is also true of 
the fluxes which follow. 

Borax is a hydrated biborate of soda, containing nearly half its 
weight of water. When heated it swells up, loses its water, and 
fasos into a glass. The swelling up may tmome a source of loss 
in the assay by pushing some of the contents out of the crucible. 
To avoid this, fused or dried borax may be used, in which case a 
little more than half the amount of borax indicated will suffice. 
Borax will flux almost anything, but it is especially valuable in 
fluxing Ume, Sic., and mebmo oxides; as also in those cases in 
which it is desired to keep certain of the hitter in the slag and out 
of the button of metal. 

Oxide of Load, in the form of red lend or litharge, is a valu¬ 
able flux; it easily dissolves those metallic oxides which are either 
infusible or difficultly fusible of themselves, such as oxides of iron 
or copper. The resulting slag is strongly basic and very corrosive; 
no crucible will long withstand the attack of a fused mixture of 
oxides of lead and copper. With silicates, also, it foiros very 
fuable double silicates; but in the absence of silicates and 
borates it has no action upon lime or magnesia. Whether the 
lead bo addod-as litharge or as red lead, it will exist in the slag as 
monoxide (litharge); the excess of oxygen of the red lead is thus 
available for oxidising purposes. If this oxidising power is pre¬ 
judicial, it may be neutralim by mixing the red lead with i per 
cent, of charcoal. 

Qlase; broken beakers and flasks, cleaned, dried, and powdered 
will do. It should be free from lead. 

FJuor: fluor-spar as free as possible from othdr minerals, 
powdered. It helps to flux phosphate of lime, Sic., and infusibls 
silicates. 

Lime; should be fresh and powdered. It must not be slaked. 
Powdered white marble (carbonate of lime) will do; bat nearly 
double The quantity mua$ be taken. One part of lime prodoott 
the same effect aS i.8 parts of the carbonate tf lime. 

Terthr ^d “ black flux,” are reducing agents as well as finTsa 
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nie “ black flia." which majr be obtained jsj heating tartar, ia a 
mixture of carbonate of potasb and charcoal. 

, Eeducino Aoemit. —^Tfae distinction between reducing agents 
and fluxes (too often ignored) is an important one. Fluxes yield 
slags; reducing agents give buttons of regulus or of metal. The 
action of a r^ucing agent is the soparaticiii of the oxygen or 
sulphur from the metal with which it is combined. For exaq^le, 
the mineral anglesite (lead sulphate^ is a compound of le|d, sulphur, 
and oxygen, by harcfully heating it with charcocd the oxygen is 
taken away by the charcoal, and a regulus of lead sulphide 
remains, if the regulus then fused with metallic iron the 
sulphur is removed by the iron, and metallic lead is left. The 
charcoal and the iron are reducing agents. But in defining a 
reducing agent as one whicfi removes oxygen, or sulphur, from a 
metallic compound so as to set the metal free, it must be re¬ 
membered that sulphur itself will reduce metallic lead from fused 
litharge, and that oxygen will sithilarly set free the metal in fused 
lead sulphide. There is no impropriety in describing sulphur as 
a reducing agent; but it is absurd to coil oxygen one. Some 
confusion will be avoided if these substances and those which 
are opposite to them in property be classed as oxidising and de¬ 
oxidising, sulphurising, and de-sulphurising agents. Heist oxidie- 
ing agente alra act as de-sulphuiisers. 

The de-oxidieing agente most in use are the following;— 

Charcoal.—Powdered wood charcoal; it contains more or less 
hygroscopic moisture and about 3 or 4 per cent, of ash. The rest 
may be considered carbon. Carbon heated with metallic oxides 
takes the oxygen; at low temperatures it forms cai'bon dioxide, 
and at higher ones, carbon monoxide. Other conditions besides 
that of temperature have on influence in producing these results; 
and as the quantity of charcoal requii-ed to complete a definite 
reaction varies with these, it should be calculated from the 
results of immediate experience rather than from theoretica' 
considerations. 

FTonr.—Ordinary wheat flour is convenient in use. On being 
heated it gives off inflammable gases which have a certain re¬ 
ducing effqpt, and a residue of finely divided carbon is left. It is 
likely to vary in the quantity of mc^ure it contains. Two parts 
of flour should be used where one part of charcoal would be iwor- 
wise required. , 

Tartar.—This is crude bydric potassic tartrate; the purified 
|tlt, cream of tartar, may be used. On being heaW it dves off 
inflammable gases, and leaves a residue formed of'potassic 
carbonate mixed with finely divided carbon. Five parts H tartar 
should be used in the place of one of charcoal- 
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Anihraoite or Cultn is a kind of cool containing 90 per cent, 
or more of carbon. It gives off no inflammable gas. It is denser, 
and takes longer in burning, than charcoal. Its reducing efie<;^ 
is little inferior to that of charcoal. Almost any organic sul^ 
stance can be used as a reducing agent, but it is not to select 
one which melts, swells up, or gives off much water and gas when 
heated in the furnace. 

Fotassic Cyanide is an easily fusible and somewhat volatile 
salt, whicli, when fused, readily removes oxygen and sulphur from 
metallic compounds, and forms potassic cyanate or sulphocyanate 
as the case may be. Commercial stUuples vary much in purity; 
some contain less than 50 per cent, of the salt. For assaying, 
only the better qualities should be iqsed. 

Iron is a de-sulphurising rather than a de-oxidiaing agent. 
Iron is used in the form of rods, ^-inch in diameter, or of nails, 
or of hoop iron. In the last case it should be thin enough to be 
bent without difficulty.' Wrought iron crucibles ore very useful 
in the processes required for making galena assays. 

T/ie due/ oxidiHng agenft {which are also de-tviphurisere) are 
the following:— 

Witre, or Potassic Nitrate.—^This salt fuses very easily to 
a watery liquid. It oxidises most combustible substonces with 
deflagration, and thereby converts sulphides into sulphates, 
arsenides into arsenates,, and most metals into oxides. In the 
presence of strong bases, such as soda, the whole of the sulphur 
is fully oxidised; but in many ca.sea some arsenic is apt to 
escape, and to give rise to a peculiar garlic-like odour. The 
sulphates of so^ and potash are thus formed, and float as a 
watery liquid on the surface of the slag. 

Bed lead is an oxide of lead. About oncqnarter of its oxy¬ 
gen is very loosely held, and, hence, is available for oxidising pur¬ 
poses, without any separation of metallic lead. The rest m the 
oxygen is also available; but for each part of oxygen given off, 
about 13 parts of metallic lead are deposited. In silver assays this 
power of readily giving up oxygen is made use of. The residual 
oxide (litharge) acts as a flux. 

Hot aix is the oxidising agent in roasting operations. The 
enl{)hur and arsenic of such minerals as mispitkel and pyrites are 
oxidised by the hot air and pass off as sulphur dioxide and “ white 
arsenic.” The metals generally remain in the form of oxide, mixed 
with more or less sulphate and arsenate. The residue may 
remain,a8 a powdery sul^tance (a calx), in which case the procegs 
of roasting is tepmed calcination; or it m^ be a pasty mass or 
Uquid. ,,In the calcination of somewhat fusible minerals, the 
toasting should be lone at a low temperature to avoid clotUng; 
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araeoio and sulpl; ir being with difficult}' bun .t of from the clotted 
mineral. A low temperature, however, favours the fomation of 
Bijlpliatae; and these (if not removed) would reappear in a subse¬ 
quent reduction as sulphides. These sulphates may be decomposwl 
by a higher temperature towards the end of the operation; their 
removal is rendered more ceitain by rubbii g up the calx with 
some culm and re-roasting, or by strongly heating the calx after the 
addition of solid ammonic carbonate, in roiusting operationsf as 
barge a surfsit J of the substance as possible should bq expSsed to the 
air. If doiKi in a crucible, the crucible should be of the Cornish 
type, short and open, not Jong and narrow. For calcinations, 
roasting dishes are useful; thfee are broad and shallow, not unlike 
saucers, but unglazed. In those cases in which the products of 
the roasting are liquid at the*temperature used, a saenjier (fig. 38) 
is suitable if it is desired to keep the liquid; but if the liquid is bwt 
drained off as quickly as it is formed, a cupel (fig. 5) should be used. 
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A scorifier is essentially a roasting dish sufficiently thick to resist, 
for a time, the corrosive action of the fused metallic oxides it is to 
contain. The essential property of a cupel is, that it is sufficiently 
porous to allow the fused oxide to drain into it as fast as it is 
formed. It should be large enough to absorb the whole of the 
liquid; and of course must be made of a material upon which the 
liquid has no corrosive action. Cupels do not bear transport 
well; hence the assayer generally has to make them, or to super¬ 
vise their making. A quantity of bone ash is carefully mixed with 
water so that no lumps are formed, and the mixture is then 
worked up by rubbing between the hands. The bone ash is suf¬ 
ficiently wet when its cohesion is such that it can be pressed into a 
lump, and yet be easily crumbled into powder. Cupel moulds should 
be purchased. They are generally made of turned iron or brass. 
They consist of thiw parts (i) a hollow cylinder; (a) a disc of 
metal; and (3) a piston for compressing the bone ash and shaping 
tlie 'top of the cupel. The disc forms a false bottom for the 
cylinder. This is put in its place, and the^ cylinder filled (or nearly 
so) with the moistened bone ash. The bone ash is tben pressed 
^u> shape with the piston, and the cupel finished with the help of 
three or four smart blows from a mallet. Before remmdng the 
piston, turn it half-way round upon its axis sft as to loosen and 
smooth the face of the cupel. The cupel is got out by psessing up 

* A 
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(he disc of metiil forcing the false bottom; the removal is more 
easily effected if the iBouId is somewhat conical, instead of cylio- 
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drical, in form. The cupels are put in a warm place to dry for two 
or three days. A conveniently sised cupel is inches in • 



diraet« and about | inch high. The cavity of the cupel is about 
I inch OfSp, End something eff the shape shown in fig. j. 
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rhere aro two kinds of furnaces required the “wind" and 
muffle ” furnaces. These are built of brick, fire-brick,“of course, 
being used for the lining. Tliey are connected with a chimney 
that will provide a good taught. JRgure 6 shows a section of the 
wind furnace, fig. 7 a section of the muffle furnace, and fig. 8 
a general view of a group comprising a muffle and two wind fur¬ 
naces suitable for general work. \^en in operation, the fur¬ 
naces are covered with iron-bound tiles. The opening under tlft 
door of the moffle is closed with a loosely fitting bri^k. Che floor 
oLthe muffle is protected with a layer of bone-ash, which ab.sorbs 
any oxide of lead that may be accidentally .spilt. The fire bars 
should be easily removable. 

Pew tools are wanted; the most important are some cast-iron 
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moulds, tongs (fig. 9), stirrera for calcining (fig. 10), and light tongs 
of a special form for handling scorifiers and cupels (see Silveb). 

Fio. la 

Tlie coke used should be of good quality; the formation of a 
fused ash (clinker), in any quantity, causes ceaseless trouble, and 
requires frequent removal. The coke should be broken into lumps 
of a uniform size (about 2 in. across) before being brought into the 
office. The furnace should be well pocked by stirring, raising the 
coke and not ramming it, and it should bo uniformly heated, not 
hot below and cold above. In lighting a furnace, a start is made 
with wood and charcoal, this readily ignites and sets fire to the 
coke, which of itself does not kindle easily. 

In commencing work, add (if necessary) fresh coke, and mix 
well; make hollows, and into these put old crucibles; pack 
around with coke, so that the surface shall be concave, doping 
upwards from the months of the crucibles to the sides of the 
.'urnaoe; close the furnace, and, when uniformly heated, substitute 
for the empty crucibles those which contain the assays. It is 
rarely advisable to have a very hot fire at first, because with a 
gradual heat the gases and steam quietly esbape through the on- 
fused mass, while with too strong a heat these might make some 
ofethe matter in the crucible overflow. Moreover, if the heat 
should be too strong at first, the flux might melt «nd run to the 
bottom of the crucible, leaving the quai-tz, do., as a past} mass 
above; with a gentler heat combination is complete, and the 
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sttbseqnoi^t fiercer simply melts the fusible compound into 
homogeneous slag. * 

The fused matciinl may be left in the crucible and separated 
from it by breaking when cold. It is generrlly more convenient 
to pour it into cast-iron moulds. These moulds should be dry and 
smooth. They act best when warmed aud oiled or black-leaded. 

Air entering through the fire-bars of a furnace and coming in 
dbntact with hot coke combines with it, forming a very hot mix¬ 
ture of'carbpnic acid and niti'ogen; this ascending, comes in 
contact with more coke, and the carbonic acid is reduced to car¬ 
bonic oxide; at the top of the furnace, or in the flue, the carbonic 
oxide meeting fresh air, combines with the oxygen therein and 
re-forms carbonic acid. In the first and thM of these re¬ 
actions, much boat is evolved; in (he second, the furnace is cooled 
a little It must always be remembered, that the carbonic oxide 
of the furnace gases is a reducing agent. When these gases are 
likely to exert a prejudicial effect, and a strongly oxidising atmo¬ 
sphere is required, thh work is b(^ done in a muJJU. 
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CHAPTER m. 

WET ailAVIMETEIC METHOD^ 

In dry assays the metal is alawjst always sepuiated and weighed 
as metal; in wet gravimetric assays the metal is more usually 
weighed in the form of a definite compound of known composi¬ 
tion. The general mcthod.s of working resemble those of ordinary 
chemical analysis, and their succeasful working is greatly helped 
by a knowledge of, at any rate, those compounds of the metal 
which enable it to be separated, and of those which are the most 
convenient forms in which it can bo weighed. But the work of 
the assayer differs from that of the analyst, inasmuch os the bulk 
of his estimations are made upon material of practically the same 
bind, varying only in richness; consequently in assaying, it is 
possible (and necessary) to work on such a definite plan as will 
involve the least amount of labour in weighing and calculating. 

The assayer connected with mining has generally two classes of 
material to deal with; those comparatively rich and those com¬ 
paratively poor, for example, silver in bullion and in ores; 
copper precipitates or regulus, and copper ores and slags; and 
“ b^k tin ’’ and tin ores. He is only occasionally called on to assay 
the intermediate products. It is indispensable that he should have 
an approximate knowledge of the substance to be determined. 
With new ores this information is best got by a qualitative test¬ 
ing. Knowing that only certain bodies are present, it is evident 
that the number of separations can be reduced, and that simple 
methods can be devised for arriving at the results sought for. 
The best method is that which involves the least number of 
separationa The reactions must bo sharp and complete, and 
yet not be liajple to error under varying conditions. 

To bring the richer and poorer materials under the same condi¬ 
tions for the assay, a smaU weight, say i gram of the richer, 
and a larger weight (s or lo grams) of thq poorer, substance is 
weighed up. A method is then adopted which will concentrate 
the whole of the metal (either during or after solution) in a product 
which ne^ not necessarily be pure. The .work on this product is 
comparatively easy. In separating small quantitils of a substance 
from a large bulk of imparities, the group separations mttt not 
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as a rule be too m^ch relied on. Very large predpitatee carry 
down email quantities of bodies not belonging to the group, more 
especially when there is a tendency to form weak double com¬ 
pounds. The re-dissolving and re-precipitating of bulky pre¬ 
cipitates should be avoided. 

When a largo number of assays of the same kind have to be 
^rriod out, a plan something like the following is adopted:—The 
sample, after having been dried, are placed in order on a table at 
the hand of the assayer. He takes the first, marks it with 
a number, samples and weighs up the quantity required, and 
transfers it to a flask, which is similarly marked. As the 
weighing are finished, the samples are placed in the same order 
on bis light hand. The assistant takes the flasks in batches of 
tour or five at a time to the futae cupboard, where he adds a 
measured quantity of acid. When solution has been efilaoted, 
dilution with a measured volume is generally necessary. The 
assayer sees to this qnd (whilst the funnels and filters are being 
prepared) makes any separation that is necessary. The filters 
are arranged in order on a rack (fig, ii), and need not be marked 
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unless the prempitates or residues have subsequently to be dried. 
The filters are washed with hot water, and if the filtrates are 
wanted flasks are placed beneath, if not, the solution is drained 
off down the sink. Precipitation or r^uction (or whatever it 
may be) is now made; the assistant filters the prepared samples, 
one at a time, whilst the assayer is engaged with the othen. iitte 
same style of work is continued until the assays are completed. 
If one should be spoiled, it is better to allow it to,stand over for 
^saying along with the next batch. If one filters slowly or is 
in any way lees forward than the rest, it may lessen the 
accuracy of the othqr assays, owing to oxidation, &e., it should, 
therefore, be put on one side. &e assays are dealt with in 
batches of ten or twenty, so that a laige quantity of work can be 
quickly finished. . • 

Wben the f&says are fiiudied, it is the 'duty oi the asastant to 
eleaif ^e apparatus (with reagents, if necee^), and to ppt the 
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vessels in tbe place set apart for them. F](i.sks are best kept 
inverted on a rack, so that th.y may be dry and dean by the 
jejrt morning. Berlin crudblea must be cleaned and ignited. 

Tne amount of apparatus employed should be as little as is 
feasible. The assay should be carried out as much as possible in 
the same flask. Kie bench must be clean, ami altogether free 
from apparatus not in actual use. Crucibles and dishes in which^ 
weighings are made should be marked with numbers or {ptters; 
and their weights recorded, together with the date »f weighing, 
in a small ledger, which is kept in the drawer of the balance. By 
this moans a record of the “ wear” of each piece of apparatus is 
obtained, and, what is more important, much weighing is saved, 
and increased confidence is gained. The weight of each piece of- 
apparatus need not be taken daily. It will be seen from the 
record in tbe book and a knowledge of the uso it has been put to 
how often a checking of the weight is necessary. The entries are 
made in black lead as follows■ 


Disb, A. Feb. 3 , 


* 

e 9.4210 grams. 

S • 

e 

e • 

. 9.4225 

6 • 

e 

e • 

. 9-4230 

7 . 

. 

• > 

a 9.4200 


Platinum vessels and appamtus lose, and porcelain ones slightly 
gain, weight with continued use. 

The special details of the work is given under each assay; 
certain general instructions will be given here. 

Solution.—It is not always necessary to get the whole of the 
mineral in solution, provided tbe body sought for is either com¬ 
pletely dissolved or altogether left in the residue. It is often only 
by a qualitative examination of the solution (or residue, as the 
case may be) that the assayer can satisfy himself that it is free 
from the substance sought. But previous experience with the 
same kind of ore will show to what extent this testing is neces¬ 
sary, 

Elution is generally best eflected in flasks; but where the 
resulting liquid has afterwards to bo evaporated 
to dryness an^i^ted,evaporating disW(fig. 
la) are used. With them clock glasses are used 
as covers daring solution to avoid loss through 
efliervescence. Bvaporating dishes are also b^ 
when an insdable residue has to be collect^, 
since it is difficult to wash out most residues from a flask. 



BuiSping occurs less frequently in dishes than in flasks. * 
Afthr the addition of the add, and nuxing hy’h^tation, the 
vessel containing the sabstauce is heated. This is best dode on 
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tbe “hot plate” (%. 13). This consists of a slab of cast iron 
about half or threelqnartcrs of an inch thick, supported on loose 
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fire bricks, and heated by two or three ring burners (figs. 14 and 
15). The burners are connected to the gas supply by means of 
lead tubing, to which lihey are soldered. Flasks and dishes after 
being put on the plate are not'further handled until solution is 



Fra. 15. 


complete or the evaporation is carried to dryness. The hot plate 
is contained in a cupboard so as to be out of the reach of cold 
draughts. 

The action of the acids and other solvents is described in the 
chapter on Reagents. 

Precipitation.—In precipitating add sufilcdent of the reagent 
to complete the reaction,. The student must be on his guard 
against adding a very large excess, which is the commoner error, 
tn some reactions the finishing point is obvious enough; either 
no more precipitate is form^, or a precipitate*is completely 
dissolved, or some well-marked colour or odour is developed or 
removed. , 

In those coses in which there is no such indication, theoretical 
considerations should keep the use of reagents within reasonable 
limits. The solutions pf the reagents (see Reagents) are generally 
. of five or ten ^r cent, strength. A small excess over that de- 
mantte^ by theory should be suffident. 






WET aRAtlMETRIO METHOl)! ^ jgi 

FUtration.—bolutions are best filtered hoi whenever the aesay 
allows of this being so done. The precipitate should be allowed 
to settle, and the clear liquid decanted on the filter with the aid 
of a glass rod if necessary. The filter-paper must not be too 
large, but at the same time it must not be overloaded with the 
precipitate. There should be ample room tor washing. For 
general use three sizes of filler-paper are sullicient. Common 
quick filtering-paper (Euglisli) is best for most work in assaying. 
The specially prepared paper (Swedish or Rhenisfi) is used for 
collecting those precipitates which have to be weighed. The 
papers are folded as shown in fig. i6, and sliould not project 
above the funnel. The filter-paper works better if damped with 
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hot water. In special cases filtering is hastened by means sf an 
air-pump. The apparatus used consists of a water-jet (fig. i j), 
which is connected with the tap, as also with a bottle fitted as 
shown in fig. 18. The pump draws the air out from the bottle, 
and atmospheric pressure forces the liquid through the filter- 
paper. The bottom of the funnel is provided with a platinum 
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oone, which supports the filter^paper, and prevents its breaking. 
The pump is only used in exceptional cases; nearly all the fijtra- 
tions required by the assayer can be made v#ithout it. The usual 
methods of supporting the funnel during filtration are shown in 
fit- 19. Where the Utrate is not wanted, pickle bottles, make 
convenient supports. After the precipitate basrbeen thrown on 
the filter, it is washed. In washing, several washings -ydth a 
smell quantity of water are more ^active than a few with a 
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larger quantity of tlat fluid. The upper edge of the filter-paper 
is specially liable to escape complete washing. Excessive washing 
must be avoided; the point at which the washing is complete is 
found by collecting a little of the filtrate and testing it. Thi 
precipitate is removed fronr the filter-paper for further treatment 
by opening out the paper and by washing the precipitate with a 
jat of water from a wash-bottle into a beaker, or back through 
iho funnel into the flask. In some cases, when the precipitate has 
to bo dissolved in anything in which it is readily soluble, solution is 
efiected in the filter itself allowing the liquid to run through as it 
is formed. * 

Drying and Igniting.—^Precipitates, as a rule, require drying 
before being ignited. With smajl precipitates the filter-paper 
may be opened out, and placed on a warm a-sbestos slab till dry; 
or the funnel and the filter with the precipitate is' placed in a 
warm place, and supported by any con¬ 
venient means. The heat must never 
be suflicient to char the paper. Some 
^ecipitates must be dried at a tem¬ 
perature not higher than loo'O. These 
are placed in the water-oven (fig. ro), 
and, when apparently diy, they are 
taken from the funnel, placed between 
glasses, and then left in the oven till 
they cease to lose weight. Such pre¬ 
cipitates are collected on tared filters. 
Those precipitates which will stand a 
higher temperature are dried in the 
hot-air oven at a temperature of from 
ISO* to 150'. The drying is continued 
until they appear to be free from mois¬ 
ture, and until the precipitate ceases to 
adhere to the filter. In drying sulphides the heat must not be 
raised to the melting point of sulphur, since, if there is any free 
sulphur present, it fuses and filters through. 

The precipitate, having been dried, is transferred to a watch- 
glass, The filter-paper is opened out over a sheet of note- 
paper, and, with a camel-hair briuh, the precipitate is gentiy 
brought into the gloss. Most precipitates come away easily, and 
the transfer can be made without apparent loss. The watch-glass 
is covered by the funnel, and the Mter-paper (fifided into a quad¬ 
rant),held by the tweezers and set fire to with the flame o( a 
Bunsen burner, It is allowed to bum over the erumble, mto 
which the black bulky ash is allowed to drop, and two or three 
d;op8^ gitria acid are then added'. The crucible is placed gn a 
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2 i). supported on a tri.iod. It is at first 

until burner, and afterwards more strongly, 

until the residue is frtfrom carbon. It is * 

cooled, and treated with any acid uccessaiy 
to convert the small amount of prcciwtate 
into the state in which it is to bo weighed • 
heated again, and cooled. The main pre-’ 
rapitate is transferred to the crucible, and 
the heating repeated very gently at first, 
but more strongly towards the end of- the 
operation. It is next plivcod iu the muflie 
and, after two or three minutes at a red heat! 

ThSoriiZ, i«“>e desiccator before weighing. 

-tL *®“P®«ituie the heating in the muffle is 

'f®'! fu® this purpose must not be used at 
the same time for cupelling; a gas m\iffle (fig. 22), such as one of 
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m 


r\ 
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Fletcher’s, is best. A desiccator (fig. 23) is an air-tieht vessel whioh 
kmtT *“•’ substance. Usually the air 

lie ^ “sans of a basin containing sulphuric add. 

carri,^r?l.“ .,“ from the muffle with riie tongs and 

wned to the desiccator. It m best, in an office, to have flarge 

penitently fed alongside the balance, into wHch all 
“ey be put before being weighed. The substance i. 

u “ ‘•'e hand appaiatus 

gen^y sold, md earned to the balance room to be trSU» 

Mid *e *>eoome thoroughly 

*Sow^ Twenty minutes isi^erally the rime 

i* advisabirTweigh^ Bodi« 
*^e air after they have been ignited*will absorb 
fr ‘^e balanoo-pan wiU diXb 
the Muilibnum and show false results. CompoimS' that «b6ori> 
oistiTO must be weighed quickly; theyshWd. therefore*he 
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weighed in corerei vessels. Such compound.s are detect,ed by 
their continually-increasing weight. They should be ignited and 
.veigbed again in a well-covered dish. , 

Substances that have been washed with alcohol, ether, or any 
readily volatile liquid are dried in the water oven. They quickly 
dry it there is no water present, and are generally fit for weigh¬ 
ing in less than one hour. Sometimes drying tor a tew minutes 
only wSl be snfiicient. 

The weight ot the crucible and precipitate having been obtained, 
the weight ot the crucible and ash is deducted; tor example— 

Oraclblc an<I precipitate .... 10.183 grama 
Cmoiblc and ash.9.527 , 


0.656 a 


The weight ot the a.sh is best added to that of the crucible. 
The amount ot ash in filter-papers mii.st not he neglected, although 
papers are now made almost free from a.sh, and the amount to 
1)0 deducted is found by hdting eight or ton papers and burning 
them until they become jFhite, and then weighing the ash. The 
amount varies from 0.004 to 0.0005 gram for different papers. 
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Uaving determined the ash, place in the 
balance-drawer three ot the filter-pipers pinned 
together, with the weights marked on them in 
the way shown in fig. 24, so as to he readily 
seen when there is occasion to refer to them. 

It must be remembered that the determination 
of small quantities ot substances generally involves 
the u.se ot reagents which are often contami¬ 
nated, as an impurity, with the body sought for. 


TIius, in assaying silver, the oxide of lead or metallic lead used is 
rarely tree from silver; and in the cose ot arsenic, the acids, 2dnc or 
ferric chloride are sure to contain arsenic. The same observation 


applies to the precipitation of lead by zinc, Ac. The errors caused 
by these impurities are more marked in the determination of 
material having small quantities of metal than in that of ores 
which contain larger quantities, hlrrors of this kind are counter¬ 
acted or neutralised by “blank" or “ blind’’•determinations. 
These consist in conying out by the side of and during the assay a 
duplicate experiment with the reagents only, whidi are thereby 
subjected to the same processes of solution, evaporation, filtration, 
jtc. The final result thus obtained is deducted from that given 
bythe assay, the difference gives the corrected result. Inasome 
cases, where'lt is derired or necessary to have a tangible reeidu* 
or predpitatn, some pure inert material is added. 
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CHAPTEE IV. 

VOIitTMETBIC ASSAYS. 

TnESB have hoen already desciSbed ns those in which the resnlte 
are gin hy measuring, either—(i) the volume of a reagent required 
to complete some reaelioii, or the volume of the resulting 
product. For example, if a permanganate of potash solution be 
added to a solution containing a weighed amount of iron, dissolved 
in sulphuric acid, the strong colour of the permanganate of potash 
will he removed until a certain quantity of it has been added 
Eepeating the experiment, it will be found that the same amount 
of iron decolorises the same volume of the permanganate solution 
within certain narrow limits of variation, known as “error of 
experiment.” Tliis error is due to variation in the method of 
working and to slight differences in the weighings and measur¬ 
ings; it is present in all experimental methods, although the 
limifei of valuation are wider in some than in others. Apart from 
this error of experiment, however, it is certain that a given 
volume of the permanganate of potash solution corresponds to a 
definite weight of iron, so that if either is known the other may 
be calculated. Similarly, if a known weight of zinc (or of 
carbonate of lime) be dissolved in hydrochloric acid, a gas will 
be given off which can be measured, and so long as the conditions 
of the experiment do not vaiy, the same weight of zinc (or of 
carbonate of lime) gives off the same volume of gas. The weight 
of the one can be determined from the volume of the other. 

Or, again, the quantity of some substances may be measured by 
the colour' of their solutions, on the principle that, other things 
being equal, the colour of a solution depends, upon the quantity 
of colouring matter present. So that if two solutions of tho same 
substance are equally coloured they are of equal strength. It 
this way an unknown may be compared with a known strength, 
and a fairly accurate determination may ho made. These 
three illustrations serve as types of the three chief classes of 
volumetric assays—titrometric, gaaometiic, and colorimetric. • 

Tiftonretrio Assays,—^Within the lindts of th%error of ex¬ 
periment, a definite volume of a solution or gas represents a cer^pa 
weight of metal or other substance, hence the exact weight may be 
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detenninpd by ex{<»riment. The error of experiment may be 
reduced to insignificant dimensions by repeating the experiment, 
and taking the mean of three or four determinations. Thiawill 
at the seme time show the amount of variation. Thus, if 0.5 gram 
of iron were dissolved and found to require 50.3 cubic centimetres 
ef the solution of permanganate of potash, and if on repeating, 
*50.4, 50.2, and 50.3 c.c.wer6 required, the experimenter would 'to 
justifidd in saying that 50.3 c.o. of the permanganate solution re¬ 
present 0.5 gram of iron, and that his results were good within 
0.2 c.c. of the permanganate solution. So that if in an unknown 
solution of iron, 50.5 c.c. of the permanganate solution were used 
up, he could state with confidence that it contained a little more than 
0.5 gram of iron. 'With a larger experience the confidence would 
iuri-eose, and with practice the experimental error will diminish. 

But supposing that the unknown solution required, say, 100.5 
instead of 50.5 c.o., he would not be justified in saying that, since 
50.3 C.C. are equivalent to 0.5 gram, 100.6 c.c. are equivalent to 
twice that amount; and that, consequently, the unknown solution 
contained a little loss ttoc i gram of iron; or, at least, he could 
not say it except he (ot some one else) had determined it by 
experiment. But if on dissolving i gram of iron, he found it to 
require 100.6 &c. of the solution, and in another experiment with 
0.8 gram of iron that 80.5 c.c. of the solution were required, he 
would be justified in storing that tlie volume of solutim required 
it proportional to the qwmtitj) of metal present. There are a large 
number of volumetric assays of which this is true, but that it is 
true in any particular case can only be proved by experiment. 
Even where rime it is well not to rest too much weight upon it, 
and in all cases the quantity of metal token, to determine the 
strength of the solution used, should not difier widely from that 
present In the assay. There are certain terms which should to 
explained here. "ITOen the solution of a reagent is applied under 
such conditions that the volume added can to correctly determined, 
the operation is called “titrating," the solution of the reagent 
used the “ standard solution," and the process of determining the 
strength of the standard solution is “ standardising." The 
“ standard " is the quantity of metal equivalent to 100 c.o. of the 
standard solution. 

Standard Solutions.—In making these the salt is aocnnitely 
we^hed and transferred to a litre flask, or to the graduated 
cylinder, and dissolved. The method of dissolving it varies 10 
spsfdal cases, and instructions for these will to found undcK the 
rfflp^ve assays. Generally it is dissolved in a amall quumty of 
liqqjd, and then dilated to the mark. For those subetanoes that 
requiem the«id of heat, the solution is mode in a pint flask, 
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lod transferred; alter which the da.sk is well hashed out. After 
dilution, the liquids in the measuring vessel most be thoroughly 
mixed by shaking. This is more easily and better done in the 
cylinder than in the litre flask. The solution is next transferred 
to a dry “Winchester” bottle and labelled. The label may be 
rendered permanent by waxing it. 

Standard solutions should not be kept in a place exposed to* 
direct sunlight. Oxidising and reducing solutions, suyh a# those 
of permanganate of potash, feiTous sulphate, iodine, b}'posuiphite 
of soda, ic., gradually weaken in strength; the solutions of other 
salts are more stable; while th&e of potimsium bichromate and 
baric chloride ore almost permanent. Solutions of potassium per¬ 
manganate may be kept for a month or so without much change. 
The solutions of hyposulphite of soda and of iodine should be 
examined weekly. Ferrous sulphate solutions, if acidulated with 
sulphuric acid, may be dejieuded on for two or three weeks 
without fresh standardising. Before filling the burette, the 
“Winchester” bottle should be well shaken and a portion of 
about 50 or 100 c.c. poured into a dry beaker or test-glass. Besides 
the standard solutions, which are required for titrating an assay, 
permanent solutions of the metal or odd of equivalent strength 
are very useful. When the finishing point of a titration has been 
overstepped (t.e., the assay has been “overdone”), a measured 
volume, say 5 or 10 c.c., of a solution containing the same metal 
may be added. The titration can then be continued, but more 
cautiously, and the value in “c.0.” for the quantity added be 
deducted from the final reading. 

Standardising.—Suppose the object is to standardise a solution 
of permanganate similar to that referred to above. A convenient 
quantity of iron (say o.j gram) would be weighed out, dissolved in 
dilute sulphuric acid, and the solution titrat^. Suppose 49.6 c.c, 
of the permanganate solution are required, then 

49.6 : 0.$ ;: 100 : ai 

X = 1.008 gram. 

This result, 1.008 gram, is the “standard." When a gas is 
measured, the standard may be calculated in the same way. For 
example: with 0.224 of ^'oc, 75.8 c.c. of gas were obtained. 
Then the quantity of zinc equivalent to 100 e.c, of the gas is g <4 
by the proportion, 

75.8 ; 0.224 :: too : 

X = 0.2955 gram. 

Damg the term “ eUmdord " in this sense, the following rules hola 
good:— 
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I'u find the weight of uietol in a given eubatance:— Multiply 
the ttamdard by tite number of c.c, used and divide by loo. For 
example; a piece of zinc was dissolved and the gas evelved 
measured 73.9 c.c. Then by the rule, 0.2955 * 73-9 too should 
give the weight of the ])io<e of zinc. This gives 0.2184 gram. 

To find the percentage of motal in a given substance;— Mul- 
Hi}dy the etamlard by the number of c.c. used and divide by the wei'jht 
0) substance taken. For exiunple: if 2 grams of a mineral were 
t^en, and if on titrating with the jiermanganate solution 
(standard i.oog) 60.4 c.c. were required, then i.ooS x 60.4-s 2 = 
30.44. This is the percentage. 

If the standard is exactly i gram, and i gram of ore is always 
taken, these calculations become very simplh. The “c.c.’’ used 
give at once the imrcentoge, or divided by 100 give the weight of 
metal. 

If it is desired to have a solution with a standard exactly 
1.0 gram, it is l)cst first to make one rather stronger than this, and 
then to standardise carefully. Divide 1000 by the standard thus- 
obtained and the resnl^ will be tho number of c.c. which must 
be taken and lie diluted wilh water to i litre. For example: 
suppose the standtud is 1.008, then 1000-!-1.008 gives 992, and 
if 992 c.c. be taken and diluted with water to 1000 c.c. a solution 
of the desired strength will be obtained. Tire standard of this 
should bo confirmed. A simpler calculation for the same purqioso 
is to multiply the standard by 1000; this will give the number of 
C.C. to which I litre of the solution should be diluted. In the 
above example a litre should be diluted to 1008 c.c. 

It has been assrxmed in these rules that the titration has yielded 
proportional results; but these are not always obtained. Ther'e 
can be no doubt that in any actual re-action tho proportion 
between any two re-agents is a fixed one, and that if we double 
one of these then exactly twice as much of the other will enter 
into the re-actiorr; but in the working it may very well bo that 
no re-action at all will take place until after a certain excess of one 
or of bo^ of the re-agonts is present. In titrating lead with a 
chromate of potash solution, for example, it is possible that at 
the end of the titration a small quairtity of, the lead may 
remain unacted on; and it is certain that a small excess of the 
chromate is present in the solution. So, too, in precipitat¬ 
ing a solution of silver with a standard solution of common salt, 
a point is reached at which a small quantity of each remains in 
solution; a further addition either of silver or of salt„will 
cause a precipitate, and a similar phenomenon has been observed 
in precipitating a hydrochloric acid solution of a sulphate with 
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baric chloride. rTio excess of one or othei’ of the re agents 
may be large or sn:all; or, in some cases, thoy may neutralise each 
otli^r. Considcratioi.s like these emphasise the necessity for 
uniformity in the mode of working. Whether a process yields 
propoitional results, or not, will I>o seen from a series of 
stondardisiugs. Having obtained these, the results should bo 
arranged as in the table, placing the quantities of metal used ir? 
the order of v. eight in the first column, the volumes measkred in 
the second, and tho standards calcnlated in the thrrd. If the 
results are proportional, these standards will vary more or less, 
nccoiiling to the delicacy of the process, but there will be no 
apparent order in tho variation. The average of the standards 
should then lie taken. , 


Weight. 

-^ ■ 

Volume found. 

Standard. 

0.21C0 i;ram 

$ 

72.9 c.c. 

0.2963 

0.21S5 „ 

73-9 .. 

0.2957 

O-W 1. 

79.9 » 

0.2959 

0.2440 ^ 

S 2-3 » 

0.29(14 

0-2555 . 

85.9 •. 

0,2974 


Any inclination that may be felt for obtaining an appearance 
of greater accuracy by ignoring the last result must be resisted 
For, although it would make no practical difl'cicnce whether the 
mean standard is taken as 0.2961 or 0.2963, it is well not to 
ignore the possibility that an eiTor of 0.4 c.c. may arise. A result 
should only be ignored when the cause of its valuation is known. 

In this series the results are proportional, but the range of 
weights (o.2i 6—0.2555 girnn) is small. All jirncesses yield fairly 
proportional results if the quantities vary within narrow limits. 

As to i-esults which are not proportional, it is best to take some 
imaginary examples, .and then to apply the lesson to an actual one. 
A series of titrations of a copper solution by means of a solution 
of potassic cyanide gave tho following re.<ults:— 


Copper taken. 

Cjranide used. 

Standard. 

ai gram 

11*9 c.c. 

0,8403 

0.2 „ 

a 3-7 . 

0.S438 

0.3 „ 

35-6 « 

• a8426 

0.4 „ 

47-6 » 

0.8403 


TbJU are proportional, but by using a larger qiiejiyty of add and 
ammonia in the work preliminary to titration, we might have had 
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to use I ftc. of cjfauide solution more in eacn case before the 
finishing point was reached. The results would then have been; 


Copficr tnkcD. 

Cjrjuiidc lisod. 

Stundard. 

O.I grum 

12.9 C.C. 

'0.7752 

0.2 „ 

24-7 « 

0.8097 

0.3 

3<>.6 H 

aSi9i 

• 0.4 ,. 

48-6 >. 

0.8230 


It will 1)6 noted that the value/)! the standard inci-eases with 
the weight o! metal used; and calculations from the mean 
standard will be iucoiTect. 

By subtracting the lowest sttndardising from the highest, a 
third result is got free from any error common to the other two; 
thus:— 

0.4. gram ->48.6 c.c. “ cyanide.” 

0.1 „ =12.9 „ „ 



And the standard calculated from this corrected result is 0.8404. 
Further, if 0.3 gram requires 35.7 c.c., then o.i gram should 
require 11.9 c.c., or i.o c.c. less than that actually found. 

We may therefore use the following niles for working proce&ses 
which do not yield propoiiional lesults. Make a series of two or 
three titrations, using very diflcreiit quantities of metal in each. 
Subtract the lowest of these from the highest, and calculate the 
sttindard with the remainder. Calculate the volume required by 
this standard in any case, and find the excess or deficit, as the 
case may be. If an excess, subtract it from the result of each 
titration; if .a deficit, add it; and use the standard in the usual 
way. The following table shows an actual example:— 


Chalk taken. 

Goa obtulned. 

Standard. 

0.0873 Emm 

17.8 c'.c. 

0.4904 

0.1305 „ 

* 7-3 n 

0.4780 

0.1690 „ 

35-8 » 

0.4721 

0.1905 H 

40.4 It 


0.2460 ,, 

52.5 . 

0.4686 

0.3000 „ 

64.0 „ 

^7 


ti will be seen that the standard decreases as the quol^jly d 
chalk increas 4 ; this points to a deficien<7 in the quantity of gw 
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Tbon 


0.3000 64.0 C.& 

0.0873 = 17.8 „ 


0.21*7 = 46.2 » 

and 0.2127 X 100.9-46.2=0.4604. Tlieu, multiplying thewoigj^i 
of chalk tak''n by 100, and dividing by 0.4604, we get ^fao calcu¬ 
lated results of the following table:— • 


Chalk taken. 

Oos found.* 

Gas ealonlatcd. 

Difference. 

0.0S73 gram 

17.8 C.O. 

18.9 c.a. 

- I.I C.C. 

aiyo's „ 

27-3 »• 

28.3 „ 

-1.0 „ 

0.1690 „ 

35 *^ H 

36-7 .. 

-0.9 . 

0.1905 „ 

40.4 „ 

4 f «4 » 

- I.O „ 

0.2460 , 

ps » 

53.4 .. 

-’0.9 » 

0.3000 „ 

64.0 „ 

, 651 .. 

- 1.1 „ 


By adding i c.c. to the quantity of gas obtained, and taking 0.4604 
as the standard, the calculated results will agree with those found 
with a variation of o.i c.c. When a large number of assays of the 
same kind .are being made, this method of calculation is con¬ 
venient ; when, however, only one or two detei-minations are in 
question, it is easier to make a couple of standardisings, taking 
quantities as nearly as possible the same as those present in the 
assays. 

Sometimes it is necessary to draw up a table which will show, 
without calculation, the weight of substance equivalent to a given 
volume of gas or of solution. The substance used for standard¬ 
ising should be, whenever possible, a pure sample of the substance 
to be determined—^that is, for copper assays pure copper should be 
used, for iron assays pure iron, and so on; but when this cannot 
be got an impure substance may be used, provided it contains a 
known percentage of the metal, and that the impurities present 
are not such as will interfere with the accuracy of the assay. In¬ 
cluding compounds with these, the standard may be calculated by 
multiplying^ the standard got in the usual way, by the percentage 
of metid in the compound or impure substance, and dividing % 
100. If, for example, the standard 1.008 gram was obtained I7 
using a sample of iron containing 99.7 per cent, of metal, the 
corrected standard would be 1.008 x 99.7 -e 100 = 1.005. 

. In volumetric analysis the change brought about must be one 
Si which the end of the reaction is rendered prominent either by 
a change of colour or by the presence or absendb of a precipitate. 
If the end of the reaction or finishing-point is not of itWlt visible^ 
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then it mimt be renjered visible by the use of a third reagent 
called an indicitor. 

For example, the action of sulphuric arid upon soda results in 
nothing which makes the action conspicuous; if, however, litmui 
or phenolphlhnlein be added the change from blue to ted in the 
first case, or from led to colourless in the second, renders the 
fil^shing-point evident. Some indicators cannot be added to the 
assay soli^ion without spoiling the result; in which cose portions 
of tlie assay sblution must be withdrawn from time to time and 
tested. This withdraw.al of portions of the assay solution, if 
rashly done, must result in loss; if, however, the solution is not 
concentrated, and if the portions are only withdrawn towards the 
end of the titration, the lass is very trifling, and will not show-up 
on the result. The lusiml plan .adopted is to have a solution of the 
indicator placed in drops at fairly equal intervals distributed over 
a cluiiu and dry white porcolain-plate: a drop or two of the solu¬ 
tion to be tested is then brought in contact with one of those and 
the effect noted. Another plan Ls to have thin blotting-paper, 
moistened with a solution oLthe indicator and dried ; a drop of the 
solution to be tested placed on this shows the characteristic change. 
When the assay solution contains a suspended solid which intei^ 
fores with the test, a prepared p.aper covered with an ordinaiy 
filter-paper answers veiy well; a drop of the solution to bo tested 
is placed on the filtcr-isqier, and, sinking through, shows its oiTeet 
on tlie paper below. 

Except when otherwise stated, all titrations should be made at 
the ordinniy temperature; cooling, if necessiuy, by holding the 
flask under the tap. When a titration is directed to be made in a 
boiling solution, it must bo remembered that the sfandaid solution 
is cold, and that every addition lowers the temperature of the as.say. 

On running the solution from the burette into the assay, do not 
let it run down the side of the flask. If a portion of the assay 
has to be withdrawn for testing, shake the flask to ensure mixing, 
and then take out a drop with the test-rod; the neglect of these 
pi-ecautions may give a finishing-point too early. This is generally 
indicated by a sudden finish, in which case on shaking the flask 
and again testing no reaction is got. Do not remove the drop on 
the joint of the burette with the test-rod; let it remain where 
it.is or drop it into the solution by carefully opening the dip. 

Generally tlie methods of working are us follows;— 

(i) H 7 (c» Ute finiahing-point depeiida on « change oj colour in 
the edution. —Increase the hulk of the assay up to from too <4 
150 c-mVith water. Boil or cool, as the case may be. Kun in 
the standard solulion from a burette speedily, until the re-agent 
appeersSio Jiave a slower action, and shake or stir all the tii^e. 
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Then run i c.c. or so at a time, still stirring, and finally add drops 
until the colour change is got. * 

(2) Ti 7 te» an oulMe-indicutor ii used. —Pour the standard 
Elution from a burette into the assay until 5 or 6 c.c. from the 
finishing-point; then run in i c.c. at a time (stirring and testing 
on the plate between each) until the indioat >r shows the change 
wanted, and deduct 0.5 o.c. for excess. When gresiter accuracy is 
sought for a duplicate assay is made. In this case the standiW 
solution is run in close up to the end, and the oper^tionls finished 
off with a few drops at a time. 

(3) ]V 7 tere tliefoiishing-point depends upon the uhsmee of a pre- 
dpituie and im tmtside-indicedor is used. —As in the hist case, run 
in the standard solution up to within a few c.c. of the end, then 
run in i c.c. at a time until a precipitate is no longer formed, hut 
here 1.5 c.c. must be deducted for exco.sa, since it is evident tliat 
the whole of the last “ c.c." must h.ave been, and a portion of the 
previous one may have been, in iptcess. 

Indirect Titration.—The action of permanganate of potash 
upon a ferrous solution is one of oxidation, hence it is evident 
that it any other oxidising agent is present it will count as per¬ 
manganate. In such a case the titration can be used (indirectly) 
to estimate the quantity of such oxidising agent, by determining 
how much less of the permanganate is used. For example, 
suppose that I gram of iron dissolved in sulphuric acid requires 
100 C.C. of standard permanganate to fully oxidise it, but that the 
same amount of iron only requires 35.6 c.c. of the same standard 
permanganate if it has been pieviously he.sted with 0.5 gram of 
black oxide of manganese. Here it is evident that 0.5 gram of 
black oxide docs the work of 64.4 c.c,* of the permanganate solu¬ 
tion, and tliat these quantities are equivalent; moreover, if £4.40.0. 
correspond with 0.5 gram, then 100 c.c. correspond with 0.7764 
which is the standard. On theoretical grounds, and by a method of 
calculation which will bo expl.iined further on (under the heading 
“Calculations from Pormulcs”), it can be found that if the standard 
for iron is i gram, that for the black oxide will be 0.7764 gram. 

The principles of these indirect titrations become clearer when 
expresi^ in a condensed form. Thus, in the example selected, 
and nsing’the formuk-e Fe = Iron, KMnO, = permanganate of 
potash, and MnO, = oxide of manganese, wo have:— 

(t) I gram Fe =100 c.c. KMnO, 

(2) I gram Fe =35.6 c.c. KMnO,-f0.5 gram MnO, 

100 ec. KMnO,=35.6 c.c. KMnO,-1-0.5 gram MnO, 

(100—35.6) c.c. KMnO,:=o.5 gram MnO, 

64.4 c.a KMnO,=a5 gram MnOja 


100 - 35.6 = 644. 
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The iron does not enter into the calculation if the same quantity 
ie pre:%nt in the two e&fieriments. 

An indirect titration thus requires throe dete^tninations, but if 
jiore than one assay is to he earned on, two of these need not h* 
repeated. The standard is calculated in the usuai way. 

Colorimetrio Assays.—These are assays in which the colour 
imparted to a solution by some compound of the loetal to be 
derermined is taken advantage of; the depth of colour depending 
on the qflantity of metal pre.sent. They are generally used 
for the determination of such small quantiiias as ate too minute 
to be weighed. 'Jlie method of workjng is as follows:—A mea¬ 
sured portion of the assay solution (geneiaJly or J of the 

whole), coloured by the substance to be estimated, is placed in a 
white gloss cylinder standing on a sheet of white paper or glazed 
porcelain. Into an exactly similar cylinder is placed the same 
amount of re-agents, Sx., as the portion of the assay solution 
contains, and tlien water is adde|ji until the solutions ore of nearly 
equal bulk. Next, a standard solution of the metal being esti¬ 
mated is run in from a burette, the mixture being stirred after 
each addition until the coIonl''appi’Oaehes that of the assay. The 
bulk of the two solutions is equalised by abiding water. Then 
more standard solution is added until the tints are very nearly 
alike. Next, the amount added is road olT from the burette, still 
more is poured in until the colour is slightly darker than that 
of the assay, and the burette read OlT again. The mean of the 
readings is taken, and gives the quantity of metal added. It 
equals the quantity of metal in the portion of the assay. If this 
portion was one-half of the whole, multiply by two; if one-third, 
multiply by three, and so ou. When the quantity of metal in 
very dilute solutions is to be determined, it is sometimes necessary 
h> concentrate the solutions by boiling them down befoie applying 
the re-agent which produces the colourad compound. Such con¬ 
centration does not afl'ect the calculations. 

Oasometric Assays.—Gosometiic methods are not much used 
by assayers, and, therefore, those students who wish to study them 
more fully than the limits of this work will permit, are recom¬ 
mended to consult Winkler and Lunge’s text-book on the subject. 
The methods are without doubt capable of a more extended applica¬ 
tion.* In measuring liquids, orcUnory variatious of temperature 
have hut little effect, and variations of atmospheric pressure have 
none at all, whereas with gases it is diSerent Thus, loo cai, 
an ordinary aqueous solution would, if heated from lo* C. to so* 0., 
-expand to about 100,15 ^ *S^ similarly wanes# 

would expand to sibout 103.5 <tc., and a fall of an ii^ in liie 
berometgr would We a very similar eSect. And in mhesoii^ 
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gasee we have not only to take into account variations in volume 
due to changes in temperature and atmospheric pressure, but 
also that wmch' is observed when a gas is measured wet and dry. 
Water gives off vapour at all temperatures, but the amount of 
vapour is larger as the temperature inci'enses. 

By ignoring these considerations, enors of ;| or 4 per cent, 
are easily m"de ; but, fortunately, the coirectiona aia simple, a]j,d 
it is easy to < rnstruct a piece of apparatus by mean-s of \^ich they 
may be reduced to a simple calculation by the rule^f three. 

The volume of a gas is, in practice, usually reduced to that 
which it would be at a tempftiature of 0° C., when the column of 
mercury in the liaromoter is 760 mm. high. But, although con¬ 
venient, this practice is not always neccssai'y. The only tiling 
required is some way of checking the variations in volume, and 
of calculating what the conected volume would be under ceitain 
fixed conditions. 

Iduppose that at the time a series of standardisings is being 
made, 100 c.c. of air weie confined in a graduated tube over moirt 
mercury. Those 100 c.c. would vary in volume from day to day, 
but it would always bo true of them that they would measure 
100 C.C. under the same conditions as those under which the 
standardisings were made. If, then, in making an actual assay, 
35.4 C.C. of gas weie obtained, and the air in the tube measur^ 
105 C.C., we should be justified in saying, that if the conditiCns had 
been those of the standardising, the 105 o.c. would have measured 
100 c.c., and the 35.4 c.o. would have been 33.7; for 105 : 100 :: 
35.4 : 33.7. The rule for using such a piece of apparatus for 
correcting volumes is :— Muliiply t/«e o.e. of gas obtained by 100, 
and divide by (he number of e.e. of air in the apparaiue. 

If it is desired to calculate the volumes under standard condi¬ 
tions (that is, the gas dry, at o' C. and 760 mm. barometric 
pressure) the cdculations are easily pdMormed, but the tempera¬ 
ture and pressure must be known. 

Correelion far Moisture.—’She “ vapour tension ” of water has 
been accurately determined for various temperatures, and it 
may be looked u^n as counteracting the barometric pressure. 
For example, at 15* C. the vapour tension equals 12.7 millimetres 
of mercury ; if the barometer stood at 750 mm., the correction 
tor moisture would be made by subtractii^ 12.7 from 750, and 
taking 737.3 mm. to be the true barometric pressure. 

The vapour tensions for temperatures from 0’ C. to so* C. ore 
|s fcdlowa:— 
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Temp. 

Tffiiion. ^ 

Temp. 

Tension. 

Temp. 


0* 

4.6 mm. 

7” 

7.5 mm. 


11.9 mm. 

1* 

4.9 mm. 

8' 

mm. 

15* 

12.7 mm. 

2* 

mm. 

9° 

8.6 mm. 

16 

13.5 mm. 

3‘ 

5.7 min. 

10“ 

9.2 mm. 

17* 

14.4 mm. 

4’ 

6.1 IllDI. 

11“ 

9.8 uim. 

ig’ 

15.3 mni. 

s; 

6.5 Qim. 

la* 

10.5 mm. 

*9* 

16.3 mm. 


7.0 mm. 
_ 

13' 

11.2 mm. 

20" 

17.4 mm. 


Tlie eorreclim far prrsmn is;—Multiply the volume by the 
actual pvessme and divide by 760. » 

The cmrcctian far tmpsratwre ;—Multiply the volume by 273 
and divide by the tempei'ature (in degieos Centigrade) added to 
273 - 

For all three coiToctions the following rules hold good. To 
rednoe to o* C. and 760 nm. dry. 

I 

, , 'Volume X 0.31502 X (Pre.s8Hre—tension) 

Coneclod volume =-- m ' — r " T~ - 

Temperature + 273 

To find the volume, which a given volume under standard 
conditions would assume, if those conditions are altered. 


Besulting volume 


Volume X 2.7 84 x (Te mp erature + 273 ) 
Pressure—tension 


As an example, we will suppose that it is desired to enclose in 
the apparatus refeired to on p. 45, a volume of air, which, when 
dry (at 0’ C. and 760 mm.), shall measure 100 c.c., whilst the actual 
tempeiature is 15* C., and the pressure 750 mm. 

The second formula is the one to bo us^, and we get 108.7 


Kequired volume = 


100 C.C. X 2. 784 X 288 

750- 12-7 


80179.2 

737.3 


• 108.7010. 
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OHAPTEE V. 

WEIGHIIfa AND MEASDBIN&. 

Weighing.—^The ^tem df weights and measures which we 
nave adopted is the French or metric system; in this the gram 
(15.43 grains) is the unit jf weight; the only other weight 
frequently referred to is the milligram, which is 0.001, or 
giam. The unit of volume is the cubic centimetre, which is 
approximately the volume of i gram of water, and which thus 
bears to the gram the same relation as grain-measures bear to 
grains. It is usual to write and even pronounce cubic centimetre 
ehoitly as c.c,, and the only other denomination of volume we shall 
have occasion to use is tho “ litre,” which measures 1000 c.c., and 
is roughly ij pints. 

The weights used are kept in boxes in a definite order, so that 
the weighte on the Ixilance can be counted as well by noting those 
which are absent from the box as by counting those present on the 
scale-pan. The weights run 50, so, 10,10, 5, 2,1, i and i grams, 
.and are formed of brass. The fractions of the gram are generally 
made of platinum or of aluminium, and are arranged in the 
following order0.5, 0.2, o.i, o.i, and 0.05, 0.02, o.oi, o.oi. 
These may be mark^ in this way, or they may be marked 500, 
200, 100,100, 50, 20, 10, 10; the 500 meaning 500 milligrams. 

Some makers send out weights in the series 50, 20, 20, 10, dm. 

Weights of less than o.oi gram are generally present in a box, 
but it is much more convenient to work with a rider. This is a 
piece of wire which in the pan weighs o.oi gram; it is made in 
such a form that it will ride on the beam, and its effective weight 
decreases as it approaches the centre. If the arm of the beam is 
divided int(\ tenths, then each tenth counting from the centre 
outward eqi^ 0.001 gram or i milligram, and if these tenths be 
further subdivided the fractions of a milligram are obtained; 
and these give figures in the fourth place decimals. A fairly 
good balance should be sensitive to 0.0001 gram. The weights 
i^ust never be touched with the finger.s, and the forceps for 
moving them is used for no other purpose. W^en not in actual 
use the box is kept closed. The weights most not be allowed to 
remain on the pan of the balance. He balance-case musti not be 
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open mthout some imson. It must be fixed level, and, once fixed, 
must not be needlessly moved. The bench on which it stands 
should be used for no other purpose, and no one should be allowed 
to lean upon it. 

When using a balance sit directly in front of it. Ordinarily 
the substance to be weighed is best put on the pan to the user's 
l^t; the weights and the rider are then easily manipulated. 

Powders, i!ic.,should not be weighed 
directly on the balance; a counter¬ 
poised watch-gla.sa or mptol scoop 
(fig. should be used. In some 
Fio. 25. cast* it is advisable to use a weigh¬ 

ing-bottle. This is a light, well- 
stoppered bottle (fig. 3) containihg the powdered ore. It is 
firrt filled and weighed; then some of the substance is care¬ 
fully poured from it into a boahor or other vessel, end it is 
weighed again; the difforence.in the two weighings gives the 
weight of substance tahen. A substance must always be cold 
when weighed, and large glass vessels should bo allowed to stand 
in the balance-box a little whfe before being weighed. Always 
have the balance at re.st when putting on or taking off anything 
from the pans. Put the weights on systematically. In using the 
rider (except you have a reason to the contrary), put it on at the 
5; if this is too much, then try it at the 3; if then the weights 
are too little, try at the 4; if still not enough, the correct weight 
must bo between the 4 and 5; tty half-way between. 

It is best to work with the bianco vibrating; equilibrium is" 
established when the vibration to the left is the mean of the 
preceding and succeeding vibrations to the right. For example, if 
it vibrates 6 divisions to the right on one swing, and 5 divisions 
on the next, the intermediate vibration to the left should have 
been sj. 

Note whether thq substance increases in weight whilst on the 
balance. If it does it may bo because it was put on warm, and is 
cooling, or it may be because it is taking up moisture from the 
air. Substances which fake up moisture rapidly should be 
weighed in clipped watch-glasses or in light-weighing bottles or 
tub» ' 

Students, in recording the weights, should first read ofiT those 
missing from tfie box, writing down each order of figures as 
determined; first tend, then units, and so on. Kemember that 
the first four platinum weights give the figures of the first jdoee of 
decimals, the second four give the second place, and t^t the.tUw 
and fourth placeivare given by the rider. Having taken down tha 
figures, confirm them by reading off the weights aa 31011' put them 
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bitck into the box. Oo not rest a weight o^ the palm of your 
hand for convenieime in reading the mark upon it. Remember 
one^ weight lost from ■' box spoil.s the set. Do not take it for 
granted that the balauoe is in equilibrium before you start 
weighing: try it. 

Measuring Liquids.—For coarse work, suJi as mea.suring 
acids for dissolving ores, graduated glasses similar 
to those used by dniggists may be used. It Ls 
well to have two sizes—a smaller graduated into 
divisions of 5 c.c. (fig. 26), and a larger with divi¬ 
sions equal to 10 c.c. No moasurement of im- 
portai.co should be made in a vessel of this kind, 
as a .slight variation in level causes a serious error. 

Graduated flasks must be used when anything 
has to be made op to a definite bulk, or when a 
fixed volume has to be collected. If, for example, • 
a certain weight of substance has to be dissolved 
and diluted to a litre, or if the first 50 c.c. of a distillate has to be 
collected, a flask should be used. Uneh fliisk is gr-aduated for one 
particidar quantity; the most useful sizes are 1000 c.c., 500 c.o., 
200 C.C., 100 c.c., and 50 c.c. The mai'k should bo in the narrowest 
part of the neck, and should be tangential to the curved surface 
of the liquid when the flask contains the exact volume specified. 
The level of a curved surface of liquid is at first somewhat difficult 
to read: the beginner is in doubt whether the surface sliould be 
taken at a, s, or c (fig. 27). It is best to take the lowest reading 
c. In some lights it is difficult to find this; in such cases a 
piece of white paper or card held behind and a little below, so as 
to throw light up and against tlie 
curved surface, will render it 
clear. In reading, one should 
look neither up at nor down 
upon the surface, but the eye 
should be on the same level with 
it. It must be kept in mind 
that flasks contain the quantity 
specified, but deliver less than 
this by the amount remaming 
in them and damping the sides. 

If it is desiicd to transfer the 
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eontento say of a 100 c.c. flask to a beaker, it will be necessary to 
complete the transfer by rinsing out the flask and adding the wash* 
ings* otherwise there will be a sensible loss. Graduated cyliddera 
(fig. 28) are convenient for preparing standard solAiona. 

Pipettes and burettes are graduated to ddiver the quantities 
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sppfiificd. The priiifiplo of the pipette, anil the advanfafses and 
lUsailvantages of its various foviim, may bo undointood by con- 
• idering tlie first form shown in fig. 29. It is essentially a bulbed 
tulio drawn out to a jet at its lower 
end, and having on eaeh .side of the 
bulb a mark so placed that when 
the surface of the liipiid falls fi-oin 
the upjHjr to the lower mark (he 
instrument shiJl dolivcr ex.TX'tly 
100 c.c. The bore of the jet should 
bo of such a size as will allow the 
level of the liquid to fall at the late 
of alxmt one foot in two minutoa 
If ft runs more quickly than this, 
an appreciable en-or arises from the 
varying amount of liquid remain- 
■ ing, and damping the sides of the 
bulb. The flow of liquid from a 
pipette must not tw hastened by blowing into it. The lower tiilie 
or nose of the pipette slioiilitffie long enough to reach into the bottle 
or fl.Tsk containing the liquid aWit to lie measured. The pipette 
is filled by sucking at the open end with the mouth ; this method 
of filling renders the use of the instrument dangerous for such 
liipdds as strong acids, ammonia, and such poisonous solutions as 
that of potossic cyanide. • One attempt with a fairly strong solu¬ 
tion of ammonia will teach the beginner a very useful lesson. As 
soon ns the liquid rises above the upper mark in the pipette, the 
month is withdrawn, and the pipette quickly closed by pressing 
the upper aperture with the index finger of the right hand; it is 
well to have the finger slightly-moist, but not damp. The neck of 
the pipette should be long enough to allow its being firmly grasped 
by the fingers and thumb of the right hand without inconvenience. 
The pipette is fii-st held in a vertical position long enough to allow 
any moisture outside the tube to nm down, and then the liquid is 
allowisl to run out to the level of the upper mark; this is easily 
efl'ected by lessening the pressure. If the finger is wet, the flow 
will be jerky, and good work impossible. The pipette is next held 
over the vessel into which the 100 c.c. are to be put!, and the liquid 
alldwed to run out. When the bulb is nearly empty, the flow 
should be cheeked Jby rcpiscing the finger, and the liquid allowed 
to esca^ slowly until the lower mark is reached. The pipette is 
then withdrawn ; it is in the wit Inlrawing that the disadvantage 
of this ptuticnlar fom* makes itself felt. It must bewithiSawn 

* It is best to r;,e tliis form with a glass stopcock, or with an India' 
,tnbDcr taua anq clip, after the manner of a Mohr’s buietta 
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very B^ily m .le sligjitest shock causes ti* remaining column 
of liquid to vibrato, whereby air i„ drawn in and the liquid is forced 

This disadvantage is got rid of by making the mouth of the iet 

e l "•or.ls, allowing ..•■e instrument to 

empty tself. Tlicre are two forms of such pipettes; in the one 
grneially rceoininonded in Gny-Liis.sac’s silver assay (the las^ 

vemcntly filJei. by stopping the jet witli the linger, Xud allowin.* 
the iquid U . uow Ill a hno stream into the neck until the pipette 
IS filled, and then working as Ji.st described. The other form is 
the one in general u.se; in fact, a long nose to a pipette is so 
omvenicnt that it may almost, be said to bo neceasary. But the 
arturacy is slightly diminished; a long narrow tube makes a poor 
measunng iiistminent beeause of Ibe amount of liquid it finally 
re ains. A defect possessed by both forms is the retention of a 
drop of varying size in the nozzle. -Whatever method is adopted 
for removing this drop must bo always adhered to. Tlie most 
nvement form is the one last de.scribed, and the most useful 
size.s are loo c.o., so c.c., soc.e., ioe.c.,and sc.e. Ten c.c. pipettes 
graduated into tenths of a cubic centimetre are very usefuh those 
are best in which the gradu.ation .stojis short of the bottom. 

an^ bSorr™""*' temperature; 

and, before being used, the pipette should be rinred out with a 

cubic cen imetre or so of the solution to be measured. After 
using, it should be washed out with water. 

B^ottes differ mainly from pipettes'in having the flow of 
liquid conti^olled from below instead of from above. The he^t 
orm IS that known m Mohr’s, one kind of which is provided with 

ram m ® mi® india-rubber tube 

compressed by a clip. The latter cannot be used for solutions of 

permanganate of potash or of iodine, or of any substance which 

between the two kinds. A burette delivering loo cc and 
pnduated into fifths each division = 0.2 c.c.)fis a very c’onve- 

®®“® 5 ° =•«• 'divided into tenths 

t.t, each division = 0.1 c.c.) may be selected. 

“y convenient stand; they must be 
^ can read any 

of the graduated scale without straining.. When not in use 
ttey should be kept full of water. When^using a bS, the 

the^lnr / n"“ ' **1® ’”'®®*‘® “ with ^e of 

1 1*"®®*® *^® ‘”dia-rubber tube so S to disentangle 
eir-bubbles and, by smartly opening the clip, allow the tnbe’an^ 
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jet to bo filled; see t^at no bubbles of air are left. Xhen run out 
cautiously until the level of the liquid in the burette stands at 
lero. In reading the level with very dark-coloured liquids it is 
convenient to read from the level a (fig. 27), and, provided it is done 
in each reading, there is no objection to this. Wie accuracy of the 
reading of a burette is sensibly increased by the use of an Krdmann 
Kmt. This is an elongated bulb, weighted with mercury, and fitting 
(somewbet loosely) the tube of the burette. It floatsin the solution, 
and is marked with a horizontal line ; this line is taken as the level 
of the liquid. If the burette is filled from the top, the float rises 
with aggravating slowness, and thisds its chief disadvantage. The 
float must come to rest before any read¬ 
ing is made. 

A convenient plan for filling a burette 
from below is shown in fig. 30. The 
diagram explains itself. The bottle con- 
feiinir.g the standaid solution is connected 
with the burette by a syphon arrange¬ 
ment through the glass tube and T-piece. 
Tlli flow of liquid into the burette is con¬ 
trolled by the clip. When thig«lip is 
opened, the burette fills; and when it is 
closed, the burette b ready for use in 
the ordina^ way. 

- Measuring Q-ases.—Lunge’s nitro¬ 
meter (fig. 69) b a very convenient in¬ 
strument for many gasometrio methods. 
It requires the use of a fair quantity of 
mercury. In fig. 31, there b a repre¬ 
sentation of a piece of apparatus easily 
fitted up from the ordinary material of a 
laboratory. It is one which will serve 
some useful purposes. It consists of a 
wide-mouthed bottle fitted (by prefer¬ 
ence) with a rubber cork. The cork b 
perforated, and in the perforation b 
placed a glass tube which communicates 
with the burette. The burette b con¬ 
nected by a rubber tube and a Y-pieoe, 
either with another burette or with a 
piece of ordinary combustion-tube of 
about the same sbe. The wide-mouthed 
bottle contains either a short test-tabi ot 
an ordinary ph'ial with its neck cut off. In working the appamtos 
^e Weighed substance b put in the bottle and the re-agent which 
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is to act on it, in the test-tube; the cork is*thon inserted. Tlie 
, liquid in the two bui-eUcs is next brought to the same level, either 
b^pouring it in at a or running it out 
at B. The level of the liquid in the appa¬ 
ratus for coriecting variation in volume 
is then read and noted. Ne,\t, after 
seeing that the level of the liquid in the 
burette has n d chiingcd, turn tlte^ bottle 
over on ics tide so that the re agent in 
the test-tube shall be upse,( into the 
bottle. Then, as the volume of the gas 
incieases, lower the liquid in the burette 
by ninning it out at ii, and atr the same 
time keep the level in A half an inch or 
BO lower than that in the burette. When 
the action hag finished bring thit Jiqiiid 
in the two vessels to the same level and 
read od' the burette. This part of the 
work must always be done in the same 
manner. 3 >- 

The volume corrector for gat analysis is a gmduated gloss tube 
of ISO C.C. capacity inverted over a naiTow glass cylinder of mer¬ 
cury. It contains 0.2 or 0.3 c.c. of water and a volume of air, which, 
if dry and under standaid conditions, would measure 100 c.c. The 
actual volume varies from day to day, and is read off at any time 
by bringing the mercury inside and outside to the same level. This 
is done by raising or lowering the tube, as may be reqmrad. Any 
volume of gas obtained in an assay am be corrected to standard 
temperature and pressure by multiplying by 100 and dividing by 
the number of c.c. in the conector at the time the assay is made. 
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CnAPTER VI. 

HE AGENTS.—ACIDS, ETC. 

Acetic Acid, HAc or (sp. gr. 1.04,^, conlnining 33 ])er 

cent, real aoid).—An organic acid, fonning a class of salts, acetates, 
which are for tho most part soluble in water, and which, on 
ignition, leave the oxide or carbonate of tho metal. It is almost 
always used in those cases whei’C minoml acids are objectionable. 
To oonveit, for example, a sotation of a substance in hydrochloric 
acid into n solution of the same in acetic acid, alkali should lie 
added in excess and then acetic acid. Many com2K>mids are in¬ 
soluble in acetic acid, whidR are soluble in mineral acids, such as 
ferric phosphate, ferric arsenate, zinc siiljihido, calcium oxalate, 
&c., so that the n.se of acetic acid is valuable in some sejiarations. 
The commercial acid is strong enough for mest purposes, and is 
used without dilution. 

“ Aqua Regia ” is a mixture of 1 jart by measure of nitric acid 
and 3 puis of hydrochloric acid. The acids react forming what 
is practically a solution of chlorine.* The mixtme is best made 
when wanted, and is chiefly used for tho solution of gold and 
platinum and for “opening up” sulfihide.s. When solutions in 
aqua regia are evaporated, chlorides are left. 

Bromine, Br. (s}). gi'. 3.0). Pnujtically pure bromine.—It is a 
heavy reddish-brown Hqnid and very volatile. It boils at 60’ 0., 
and, consequently, mu.st bo kept in a cool jilace. It gives off brown 
initating vapours), which render its use vei-y objectionable. Gene¬ 
rally it answers the .same piu-pose as aqua regia, and is employed 
where the addition of nitric acid to a .solution has to be specially 
avoided. It is also used for dissolving metals only from ores 
which contain metallic oxides not desired in the solution. 

"Bromine Water” is simply bromine shaken up with water 
till no more is dksiilved. 

Carbonio Aoid, GO,.—^A heavy gas, somewhat soluble in water; 
it is mainly used for providing an atmosphere in which substances 
may be dissolved, titrated, ic., without fear of oxidation, ft is 
also used in titrhting arsenic assays with “ iodine ” when a feelde arid 

^ 3HCI + HNO, » Cl, + NOOI 2H,0. 
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is required to pitvent the ateorption of iodine by tlie alkaline car¬ 
bonate. It is pi'ei)a''i i' when wanted in solution, by addluga gram 
or*so of bicoi bonateot soda and then as mueli acid as will docoiupo.se 
the bicarbonate mentioned. When a quantity the gas i.s wanted, 
it is prepoi’od, in an apparatus like that us. i for sulphuretted 
hydrogen, by acting on fragments of mai-ble or limestone witj; 
dilute hydrochloric acid. ^ 

Citric Ac»d (IJjOi or ( 1 , 11 , 0 ,. 11 , 0 ) is an orgartfc acid which 
occin-s in colourless crystals, soluble in leas than their weight of 
water. The solution must be freshly prejauod, as it gets mouldy 
wliOii kept. It forms a comparatively uniinportant class of salts 
(citrates). It is used in the determimition of phasphoric acid, 
chiefly for the purpose of preventing the jirecipitatiou of phos¬ 
phates of iron and alumina by ammonia, and in a few similar 
cases. The commercial crystals ai-e used; they should be free 
from sulphuric acid anil leave no .'udi on ignition. 

Hydroohlorio Acid, HCl in water, (.sp. gr. i. 16. It contains 
32 per cent, of hydrogen chloride).—It is sometimes called 
“ muriatic acid,” and when impure, “ spirit of salt.” The acid 
solution should be colourless and free from arsenic, iron, and sul¬ 
phuric add. It forms an important family of salts, the chlorides. 
It is the 1)0.4 acid for dissolving metallic oxides and carbonates, 
and is olwat’s used by the as.sajer when oxidising agents are to ho 
avoided. The add is used without dilution when no directions 
are expressly given to dilute it. It has no action on the following 
metals: gold, platinum, arsenic, and mercury; it very slightly 
attacks antimony, bismuth, lead, silver, and copper. Tin is more 
soluble in it, but with difficulty; rvhilst iron, zinc, nickel, cobalt, 
cadmium, and aluminium easily dissolve with evolution of hydro¬ 
gen and the formation of the lower chloride if the metal forms 
more than one class of salts. All the metallic oxides, except a few 
of the native and rar er oxide.s, are dissolved by it with the forma¬ 
tion of chlorides of the metal and water. 

Dilate Hydroohlorio Acid is made by diluting the strong 
add with an equal volume of water. This is used for dissolving 
precipitates obtained in the general course of analysis and the 
more easily soluble metals. 

Hydrofluoric Acid, HP.—A solution in water may be 
purchased in gutta-percha or lead bottles^ It is of variable 
strength and doubtful' purity. It must always be examined 
qu^titatively for the residue left on evaporation. It is used 
ocJwionally for the examination of silicates. It attacks’silica, 
forming fluoride of silicon, which is a gas. Whenliha introduction 
of another base will not interfere with the assay, the suhstance 
BiaT*be mixed in the platinum dish with fluoride of ammomuft, 
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or of potassium, or of calcium, and hydrochloric add, instead ot 
treating it with the commordal add. It is only required in special 
work. The fumes and add are dangerous, and, of course, gl^'or 
porcelain vessels cannot be u.sed with it. 

Iodine, 1 .—^This can ho obtained in commerce quite pure, and 
is often used for standardising. It is very slightly soluble in 
water, Ipit readily dissolves in potassium iodide solution. It 
closely resembles chlorine and bromine in its properties, and can 
be used for dissolving metals without, at the same time, attacking 
any oxide which may be present. Jt, is cliiclly used ns an oxidizing 
agent in volumetric work, being sharp in its reactions and easily 
detected in minute quantities. It cannot be used in alkaline 
solutions, since it reacts with the' hydrates, and even with the 
carbonates, to form iodides and iodates. Iodine is soluble in 
alcohol. 

Kitric Acid, HNO^. (Sp. gr. 1.4* ; boiling point izi" C.; con¬ 
tains 70 per cent, by weight of hydrogen nitrate).—It is con¬ 
venient to remember that one c.c. of this contains i gram 
of real acid. It combine# the properties of an acid and of an 
oxidising agent. One c.c. mntains 0.76 gram of oxygen, most of 
which is very loosely held, and easily given up to metals and 
other oxidisable substances. Consequently it will dissolve many 
metals, Ah;., upon which hydrochloric acid has no action. All 
sulphides (that of mercury excepted) are attacked by it, and for 
the most part rendered soluble. It has no action on gold or 
platinum, and very little on aluminium. The strong acid at the 
ordinary temperature does not act on iron or tin; and in most 
cases it acts better when diluted. Some nitrates bcung insoluble 
in nitric acid, form a protecting coat to the metal which hinders 
further action. Where the strong acid does act the action is 
very violent, so tliat generally it is better to use the dilute 
add. When iron has bwn immoiscd in strong nitric add it not 
only remains unacted on, hut assumes a passive state; so that if, 
after being wiped, it is then placed in the dilute add, it will not 
dissolve. Tin and antimony are converted into insoluble oxides, 
while the other metals (with the exception of those already men¬ 
tioned) dissolve as nitrates. During the solution of the metal rad 
fumes are given off, which mainly consist of nitrogen peroxide. 
The solution is often coloured brown or green because of dissolved 
oxides of nitrogen, which must be got rid of by boiling. Generally 
some ammonium nitrate is formed, espcdally in the cases of zinc, 
iron,*; and tin, when these are acted on by cold dilute add. 
Bulgur, phosjihorus, and arsenic are converted into sulphuric, 
jlthoepboric, and arsenic adds respectively, when boiled with the 
toongaficL 
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Dilute Kltric Acid.—Dilute i volume «)f the strong acid 
with z of water. 

^alio Acid, 11,0 or (IJ,C,0,.2H,0.)—^This is an organic acid 
. in colourless crystals. It forms a family of salts—the oxalates. 
It is used in standardising; being a ciystalli;ed and permanent 
acid, it can be readily weighed. It is also used in separations, many 
of the oxalates lieing insoluble. For general use make a lo per* 
cent, solution. Usethecommercially pure acid. Oi\ignition the 
acid should leave no residue. 

Sulphuretted Hydrogen., Hydrosulpliuric add, SII,.—^A 
gas largely used in assaying, since by its action it allows of the 
metals being conveniently classed into groups. It is soluble in 
water, this liquid dissolving ah the ordinary temperature about 
three times its volume of the gas. The solution is only useful for 
testing. In separations, a cur¬ 
rent of the gas must always be 
used. It is best prepared in an 
apparatrrs like that shown in 
fig. 32, by acting on ferrous sul¬ 
phide with dilute hydrochloric 
acid. When iron has to Ire 
subsequently determined in the 
assny solution, the gas should be 
washed by bubbling it through 
water in the smaller bottle; but for most purposes washing can 
be dispensed with. The gas is very objectionable, and operations 
with it must be carried out in a cupboard with a good draught. 
When the precipitation has been completed, the apparatus should 
always be wasb^ out. The efiTect of this add on solutions of the 
metalB is to form sulphides. All the metallic sulphides are in¬ 
soluble in water; but some are soluble in alkaline, and some in 
acid, solutions. If sulphuretted hydrogen is passed through an 
add solution containing the metals till no further predpitation 
takes place, a predpitate will be formed containing sulphides 
insoluble in the add. On filtering, adding ammonia (to render 
the filtrate alkaline), and again passing the gas, a further pred- 
' pitate will be obtfuned, consisting of sulphides insoluble in an 
Ukaline solution, but not precipitable in an add one; the filtrate 
may also contain sulphides not predpitable in an add solution, 
which are soluble in an alkaline one ; these will be thrown down 
, on neutralising. Again, the metals predpitated in the add solu¬ 
tion form sulphides which may he divided into groups, ihe one 
consisting of those which ore soluble, and th« other or those 
which are not soluble, in alkalies. This classification is shown, in 
UwfoUowing summary >— 
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1. Precipitable it an acid urilvtim. 

(a) SoluWe in Aikiiliii- - SiiliJiides of As, Sb, Sn, Au, Pt, 
Ir, Mo, Te, and Se. • 

(i) InsoJuble in Alkalies.—SiiJjihides of Ag, Pb, Ilg, Pi, 
Cu, Cd, Pd, 1 th, Os, and Ru. 

2. yot precipitated in an add tolution, lul thrown down in an 
tdOudine one. 

Rulphidea of Mn, Zn, Fe, Ni, Co, In, TI, and Ga. 

Those can* again lie divided into those wliii li are dissolved by 
dilute acids and those wbicli are not. 

3. A'ot precipitated in an add or alkaline snltUion, bnt thrown 
down on netdralidinj the lattfir. 

Sul])bidos of V and W. , 

Sulplniretteil hydrogen is a strong reducing agent. Ferric 
salts are thereby quickly reduced to ferrous; in hot solutions 
nitric acid is decomposed. These chatig&s are marked by a preci¬ 
pitation of sulphur, iiitd the Student must Iw careful to pass the 
gas suHicienlly long, and not bo too luisty in concluding that no 
sulphide will form hecauso^does not at once make its appeainnce. 
The be,st indication that it has been p.aiwed long enough is the 
smell of the gas in the solution after shaking. 

Bolpbutous Acid, 11 , 80 ,.—The reagent used may be re¬ 
garded as n saturated solution of sulphur dioxide in water. It 
may lie purchased, and keeps for a long time. It may bo made 
by liBiting copper with sulphuric acid and passing the gas formed 
into water. The heat should be withdrawn when the gas is coming 
off freely. It is msed .as a reducing agent, and should not be 
dilated. 

Sttlphurio Acid, H,SO,. . (Sp. gr. 1.84, containing 96 per 
cent, of raal acid, JI,SO,.)—Tliis acid forms insoluble sulphates 
with salts of lead, strontium, and barium. It has a high boiling 
point, 290" 0., and, when evaporated with salts of the more 
volatile acids, converts them into sulphates. Wlien nitrates or 
chlorides are objecUouable in a solution, evaporation with sul¬ 
phuric acid ramoves them. In working with this acid caution 
is necessary, since, on mixing with water, great heat is evolved; 
and, if either the acid or water has been previomdy heated, a 
setions accident may result. In diluting the acid it should be 
poured into cold water. Glass vessels containing boiling sulphuric 
acid should lie handled as little os possible, and should not be 
cooled under the ta)i. Tlie action of diluted sulphuric acid on 
metals closely resembles th.at of dilute hydrochloric odd. Mag¬ 
nesium, aluminium, iron, zinc, nickel, cobalt, manganese, and 
cadmium dissolve, with evolution of h^rogen, in the cold add, 
or wldn Tjarmed. The action of hot and strong sulphuric aq[d is 
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altogether different; it acts as an oxidLsing agent, and is itself 
reduced to sulphur dioxide or even to sulphur. The following 
metsls are attaeked in this way:—cnpjier, bismuth, mercury, 
silver, antimony, tin, and lead. Gold, platinum, and arsenic are 
not affected. This property is made u.so pf in j' lrting silver from 
gold and platinum. Metallic sulphides are similarly attacked; 
but this method of opening up miuends has the disfidvantage of 
giving rise to the formation of anhydrous sulph.atcs of ii»n, Ac., 
which are not readily dissolved when afterwards diluted. The 
use of sul})hiirlc acid in n.s.sa^'ing is (for the.so reasons) to be 
avoided. Its chief use Ls as a drying agent, since it has a strong 
affinity for water. Air under a hell j.ar may be kept dry by 
means of a basin of sulphuric acid, and gases bubbled through it 
are freed from water-vapour. 

Dilute Sulphuric Acid.—This is made by diluting i volume 
of the strong acid with 4 of water. 

Tartaric Acid, 11 ,T or —A crystallisoil organic acid, 

soluble in less th.an its own weight of water, or in less than three 
parts of alcohol. It is used for the same purposes as citric acid 
is. The solution is made when required. 

BASES, SALTS, &o. 

Alcohol, C,II, 0 . (Commeieial alcohol of sp. gr. o.£.38; it con¬ 
tains 84 per cent, by weight of alcohol.)—It should burn with a 
non-luminous flame and leave no residue. It is used for washing 
precipitates where water is inapplicable, and for facilitating drying. 

Ammonia, NH,. (Commercial ammonia, a solution having a 
sp. gr. of 088 to 0.89, .and containing about 33 per cent, of 
ammonia.)—It is used as an alkali (more commonly than soda or 
potash), since an excess of it is easily removed by boiling. The 
Balts of ammonium formed by it may be removed by igniting, or by 
evaporating in a porcelain dish with an excess of nitric acid. It 
differs in a marked w.ay from soda or potash in its solvent action on 
the oxides'or hydrates of tlie metals. Salts of the following metals 
are soluble in an ammoniacal solution in the presence of ammouic 
chloride:—copper, cadmium, silver, nickel, cobalt, manganese, zinc, 
magnesium, soiliuin, potassium, and the .alkaline earths. 

Dilute Ammonia is made by diluting i vol. of commercial 
ammonia with 2 of water. The dilute amnonia is always used; 
but in assays for cupper a stronger solution (i of strong ammonia 
to^ of water) is required. ^ 

Ammonio Carbonate (Am,CO,) is prepared ^y dissolving one 
part of the commeroial seaquicarbonate of ammoniajn four parts 
of Hater, and adding one part of strong ammonia. * 
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Ammonlo BioacboDate (llAmDO,) in preiiared Batuiatiai; 
a soltttion of the sesquicarbonate of ammonia with carbon 
dioxide. • 

Ammonio Chloride, AmCl.—Use the commercial salt in a 
CO per cent, solution in water. Xhe salt should leave no residue 
on ignition. 

. Ammonio Molybdate.—The solution is prepared as follows; 
—Uisselve loo grams of the powdered commercial salt in coo c.c. 
of dilute ammonia, and pour the solutiou in a slow stream into 
750 C.C. of dilute nitric acid; make up to i litre, and allow the 
mixture to settle before using. Tt is used for the purpose of 
separating phosphoric oxide from bases and from other acids, 
and also as a test for phosphates and arsenates. In using this 
solution the substance must be dissolved in nitric acid, and a con¬ 
siderable excess of the reagent added (50 c.c. is cul&cient to pre¬ 
cipitate o.r gram P,0,); when the phosphate is in excess no precipi¬ 
tate will be got. The precipititte is phospho-molybdato of ammonia. 

Ammonic Ititrnte (AmNO,) is used iu the separation of 
phosphoric oxide by the mplybdate method, and occasionally for 
destroying organic matt^. It is soluble in less than own 
weight of water. The solution is made when wanted. 

Ammonio Oxalate (Am, 0 , 0 ,.aII, 0 ) is used chiefly for the 
separation of lime. The solution is made by dissolving t5 grauis 
of the salt in 100 c.c. of water. 

Ammonic Sulphide inay be purcliased in the state of a strong 
solution. It is yellow, and contiiins the disulphide, S,Am,. It 
serves the same purpose as is obtained by passing a current of 
sulphuretted hydrogen through an ammoniacal solution; but has 
the disadvantage of loading the solution with sulphur, which is 
precipitated when tlie solution is subsequently acidified. It is 
useful for dissolving the lower sulphide of tin (SnS). 

Baric Carbonate (BaCO,) is sometimes used for precipitating 
the weaker bases. It should be pre{iared when wanted by pre¬ 
cipitating a solution of baric chloride with ammonic carbonate 
and washing. The moist precipitate is used without drying. 

Bario Chloride, BaCl,.2H,0.—A crystallised salt, soluble 
in si parts of water. It is used for the detection and separation 
of pulphatea Make a 10 per cent, solution. 

. “Black Flux.”—A mixture ol finely divided carbon with 
carbonate of potasluor with carbonates of potash and soda. It is 
prepared by heating tartar or “rochelle salt” until no more 
combustible gas is given off. One gram will reduce about i gwms 
of 1^ from litharge. 

. Borax, £a,B, 0 ,.ioH, 0 .—It is chiefiy used ss a Snz ha di; 
fasa^ing,^ already deecribed. It ia ahm used in test^g Ijptare 
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the blowpipe; many metallic oxides impart a characteristic 
colour to a bead of borax in which they have iSeen fused. 

Cfloitim Chloride.—The crystalhsed salt is 0 a 01 ,. 6 H ,0 j dried 
at 200* 0. it becomes CaOl^aHjO, and when fused it becomes de¬ 
hydrated. The fused salt, broken into small lumps, is used for 
drying gases. It combines with water, giving oil much heat; and 
dissolves in a little more than its own weight of water. Strong 
solutions may be used in baths in which temperatures above the 
boiling-point of water are required. One part of the salf and 2 
of water give a solution boiling at Ii2°, and a solution of 2 parts 
of the salt in i of water boils at 158°. The salt is very little 
used as a reagent. 

Calcium Muoride or ** Fluor Spar,’* CaF,.—The mineral is* 
used as a flux in dry a.s.saying;’it renders slags which are "thiA 
from the presence of pho.sphates, <fcc., very fluid. Mixed with 
hydrochloric acid it may sometimes he used instead of hydro¬ 
fluoric add. . 

Calcium Carbonate, GaOO,.—It is precipitated in a pure 
state by ammonic carbonate from a solution of calcium chlorida 
It is used for standardising. In the impure state, as marble or 
limestone, it is used in the preparation of carbonic add. 

Calcium Hydrate or “Lime Water.”—This is used in 
testing for carbon dioxide and in estimating the amount of that 
gM present in air. It may be made by slaking quicklime and 
digesting the slaked lime with water. One hundred c.c. of water 
at 15" C. dissolves 0.1368 grams of the hydrate (CaH, 0 ,), and hot 
water dissolves still less. " Milk of Umt is slaked lime suspended 
in water. 

Cobalt nitrate (Co^NO,),. 611 ^ 0 ) is used in a 10 per cent, 
solution for the detection of oxides of zinc, aluminium, Ac. j 
on Ignition with which it forms characteristically coloured 
compounds, 

Copper, Ou.—Pure copper, ns obtained by electrolysis, can be 
purchased. This only should be used. 

Copper Oxide, OuO.—It occurs as a black, heavy, and 
gritty power, and is used for the oxidation of carbon and hydrogen 
m organic substances. It sliould be ignited and cooled out of 
contact with air just before using, since it is hygroscopic. Oxide 
of copper which has been used may be again utilised after 
calcination. 

Copper Sulphate (CuS 0 ,. 5 H, 0 ) contain 25.4 per cent, of 
cogper. It is used in the outer cell of a Daniell-battery. The 
commercial salt is used for this purpose. The re^rystallised and 
pure salt is used for preparing the anhydrous e<flphate, which is 
used for detecting mowure m gases. For this purpose it is 
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dried at zoo* 0 . till no trace of green or blue colour remains. It 
must be prepared when wanted. It may be conveniently used 
in tbe form of pumice-Btone. eatm atod with a solution o£ the 
salt and dried. Traces of moisture develop a green colour. 

Ferric Chloride, Fe,Cl,. (When crystallised, FejCI,. 6 H, 0 .) 
—The solution is pi-eparod as described under iron. The com- 
nienaiil salt contains arsenic, and, since the chief use of ferric 
‘chloride is for the determination of this sulwtance, it must bo 
puritioi (seenuider Aibrnic). 

Ferric Sulphate (I'’o,(SO,)j) is a yellowish white deliquescent 
salt. It is used as aii indicator inwoluraetric silver assaying, and 
Jor the separation of iodine from bromine. It may be purchased 
as iron alum, Ani,Fo,(SO^),.24H.,0. lint it is best prepared by 
adding strong s\ilphuric acid to ferric hydrate in equivalent 
propor tions. Use it as a solution containing 2 or 3 per cent, 
of iron. 

Ferrous Sulphate, FeSO,. 711 , 0 .—The granulaterl form is 
best, and can be purchased pure. It is used for standardising. 
It keeps better in crystals than in solution. It is readily soluble 
in water, but the solution 4 S best made rvitlr the help of a little 
free acid. As a re-agentusea 10 ]rer cent, solution. The crystals 
should bo clerrr bluish-green; if their colour is dark green, 
bforrir, or blue, tlrey should bo rejected. 

Ferrous Srilphide (h’eS) is used for the preparation of sul- 
phrrretted hydrogen. It may be purchased and broken in small 
lumps, nut-sise, for use. 

“ Fusion Mixture ” (K,CO,.No, 00 ,) is a mixtrrre of potassic 
and Eodio carborrates in the proportiorrs of 13 of the former to 
10 of the latter, by weight. It is hygroscopic. A murture of the 
biearbonates is better, beirrg purer and less apt to get damp. 

Gallic Acid {C,H, 0 ,.H, 0 ) is an organic acid, ocourrinj^as a 
pale fawn-coloured crystalline powder, soluble in 100 parts of 
cold water, or in 3 parts of boiling water. -It is used for the 
determination of antimony. A lo per cent, solution in warm 
water is made when required. 

Hydrogen (H) is a gas. It is obtained by acting on zinc with 
dilate hydrochloric or sulphuric acid. It is used as a reducing 
agent, and for providing an atmosphere free from oxygen. It 
redtrees metallic oxides at a high temperature. It must be freed 
trbm water; and special precautions should be taken to prevent 
an admixture with air. It is generally required in a current 
which can be continued for an hour or more without interruptifm- 
• The preparation can be conveniently carried out in the apparatus 
shown (fig. 33)f .A quart bottle is half filled with sheet rinc, 
and orntnected with bulbs filled with sulphuric acid, and Fitb 
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a calcium chloride oube. The last ia connected with the, apparatu* 
through which tlie gas hiia to be 
paxsed. Dilute hydrochloric acid 
mixfid with a few cubic centiuictrea 
(20 c.c. to I pint) of stannous chloride 
sol. to fix any dis-solved oxygen, is 
daced in the funnel, and let into the 
)nttlo by opening the stopcock when 
required. OiU’e must bo taken to let 3 ^- • 

the hydrogen osc.a]io tor some time Ixjfore starling the reduction. 

Gold, Au.—Gold, obtained by cupelling and “parting,” is for 
moat purposes sufficiently pure. It is best kept in the shape of 
toil. When the purer metal is required, gold should be dissolved 
in aqua regia, tho solution evaperated to a p;mte, diluted, allowed 
to stand, and filtered. The filtered solution is acidified with hydro¬ 
chloric acid, warmed, and piecipitated with sodium sulphite. The 
precipitate is collected, washed, and fused on charcoal. 

Iron, Fo.—The soft wire (thin) is used for standardising. 
Tkods are used in dry assitys as a desulphurising agent. Steel 
mu.st not be used, since it is not pure, and contains a variable 
amount of iron. 

Lead, Pb.—Granulated lead or lead-foil is used in the dry 
ass.ayfor silver and gold, and in the preparation of lead salts. It 
can be obtained very pui-c, but always contains more or loss silver, 
I or 2 milligrams in 100 gcams. The amount of silver it con¬ 
tains must be determined and recorded. 

Lead Acetate (PbAc,.311,0, or Pb(C,TT, 0 ,),. 3 D, 0 ) is used as a 
test, specially for the detection and estimation of sulphuretted 
hydrogen. Prepare a 10 per cent, solution for use. 

Lead Nitrate (Pb(NO j,) can bo purchased pure. It is used for 
standardising. 

Lead Dioxide (PbO,) occurs as a d.ark-brown powder. It is 
used as an oxidizing agent and for absorbing sulphurous oxide. 
It can be prepared by digesting red lead with warm dilute nitric 
acid; washing and drying tho residue. 

“Litharge," PbO.—It can be puroha.sod as a yellow heavy 
powder. It is used in dry assaying as a flux, as a d&sulphnrising 
agent, and also as a source of le^. It always contains some 
silver, the amount of which must be determined. 

Litmus.—This is an organic colouring matter which is turned 
red by acids and blue by alkalies. For ordinary purposes it is 
best used as litmus paper, which may be purchased in small books. 
A Solution is prepared by digesting 15 or 20 grams of the, com¬ 
mercial litmus in 100 c.c. of water on the water birth. After being 
allowed to settle, it is filtered and made just' faintly re^ with 
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ue& add. Then tlien is added a drop or two of a soMoq d aofh 
and 10 0.0. of alcohol. It ahould be kept in a loosely-covered bottle. 

Uagneaia, MgO.—It may be purchased as “calcined mamesia.” 
It is used for mining “ magnesia mixture," and should be ke]:% in 
a corked wide-mouthed bottle. 

“ magnesia Mixture.”—Dissolve aa grams of magnesia in 
about a quarter of a litre of dilute hydrochloric acid, avoiding 
Excess. Add 5 grams of magnesia, boil, and filter. Add 300 grama 
of ammhnic phloride, and 250 c.c. of strong ammonia; and dilute 
with water to a litres. It should be kept in a stoppered win¬ 
chester. , 

Magneduin Sulphate, MgS0,.7H,0.—It can be purchased 
very pure, and is occasionally used as a standard salt. 

Manganese Dioxide, MnO,.—'It is used in the preparation of 
chlorine. The commerckl article is not pure, but is sufficiently so 
for this purpose. 

Marble, CaOO,.—Fragments of the white mystalline variety 
only should be usM. It is used as a source of lime and of carbon 
dioxide. 

Meronry, Eg.—This cayite purchased pure. It should have 
a bright surface, daw without a tail, and leave no residue on igni¬ 
tion. It is used as a standard; for amalgamation; and as a con¬ 
fining liquid in gas analysis. 

Mercuric Chloride (HgOl,) may be purchased pure. Make a 
5 per cent, solution in water. It is used for destroying an excess 
of stannous chloiide; for removing sulphuretted hydrogen from 
solution; and as a test for stannous salts. 

, Miorocosmio Salt, HAmNaPO,.SH^O.-^When fused NaPO, 
is formed. It is used in testing for metallic oxides and silica before 
the blowpipe. The crystals ai'e sometimes, used as a standard for 
phosphoric acid. 

“ Nessler’a Solution.”—Mode of preparation; Dissolve 35 
grams of potassium iodide in 100 c.c. of water; dissolve 17 grams 
of menourie chloride in 300 o.c. of water, and pour this solution 
into that of the iodide till a permanent precipitate is produced; 
moke up to i litre with a 20 per cent, solution of potash; add 
mercuric chloride till a precipitate is again formed; allow tv 
settle and decant. It is used for detecting ammonia. 

Nitre.—This is potassium nitrate. 

Flathium Obloiide, sHCl.PtCI,. (In the crystallised fmm it. 
has 611 , 0 ).—It may‘be made as follows;—Take 5 grams of dean 
pbiinum scrap and dissolve in a flask at a gentle heat in 50 e.q, of' 
nydrcwhloric add with the occasional addition of some nitric am; 
evaporate to a puste; and then dissolve in 100 o.c. of mto:. ' Jt 
is u^ for separating and determining potasdum 
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Phen'olphthalein is an organic compound nsed ac an indicator }, 
more especially in determining the w^er acids. It cannot be 
used in the presence of ammonia. DIssoIts half a gram in loo e.c. 
of dilute alcohol. 

Potassium Bicarbonate, KHCO,.—It may be purchased 
pure; on ignitinn it leaves the carbonate, E, 00 „ which may be 
used as a standard. * 

Fotassiiun Cyanide, KCN.—It is used in the dry as&y as a 
reducing agent. The commercial salt is very impure. Purchase 
that. old as potassic cyanide (gold) which contains about 9 J per 
cent, of KCN. It is used for copper assaying and occasionally in 
separation. Make a 10 per cent, solution when wanted. 

■ Potassium Bichromate, JK,Cr, 0 ,. It may be purchased 
nearly pure. It is used im an oxidising agent, for determining 
iron; and as a test solution. For this last purpose a 10 per 
cent, solution is prepired. 

‘ Potassium Chlorate (XCIO,) can be purchased pure. It is 
used with hydrochloric acid as a substitute for aqua regia. 

Potassium Ferrocyacide (K,Pe(CN),.311,0), or “yeUow 
prussiate of potash,” is used as a t^t; as an indicator; and for 
. the determination of riuc. Make a J per cent, solution. 

Potassium Perricyanide (K,Pe,(CJr)„), or “ red prussiate of 
potash,” is used for testing; and as an indicator. Make a 5 per 
cent, solution when wanted, as it decomposes on keeping. 

Potassium Hydrate, KHO. Purchase that purified with 
alcohol. It is an alkali, and is used for absorbing carbonic add, dm, . 

Potassium Iodide, Kl. It may be purchased nearly pure. 

It is used as a test and for dissolving iodine. It should be us^ in 
a 10 per cent, solution fre.shly made. The solution decomposes on 
exposure to light, with separation of iodine. 

Potassium Nitrate (KK 0 ,) can he purchased pure. It is used 
in the dry way as an oxidizbg agent. It is very fusible. It 
decomposes at a low temperature into potassium nitrite (KNO.) 
and free oxygen; and at a higher temperature leaves potash 
(KjO). It oxidizes sulphur and carbon with explosive violence, 
Thu action may be moderated by mixing the nitre with carbonate 
ol soda, common salt, or some other inert body. 

Potassium Nitrite, KNO,.—The oommerdai artide is not 
' pure, but is suffidently so for the purpose required. A saturated 
L. solution is used in the separation of cobalt ;*the solution is mada 
, when wanted. 

^ Potassium Permanganate, EMnO,.—This salt (w be pni^ 
chased suffidently pure. It is' much used as an ogidising agent, 

' Potassium Bisulphate (EH 80 ,) is used as a diy reagent f<» 

- o|ienjpg up minerals. It fuses; and at a much higher , 
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ton U converted ijito potassium sulphate with loss of snlphutie 
acid. 

Fotassiiun SnlphooyaDate (KCNS) is used for the detectjoa 
and determination of traces of ferric iron; as also in the separation 
of silver and copper from some of the other metals. Moke a .10 
per cent, solution. It should show no colour on the addition of 
..hydrochloric add. 

" Bed Lend” (Pb, 0 ,) is used in the dry assay as a flux instead 
of litharge, ffom which it differs in containing a little more oxygen. 
When ac^ on by nitric add a brown residue of lead dioxide is 
left, nitrate of lead going into solution. Like litharge it always 
carries silver; about 3 milligrams in 100 grams. 

V Silver, Ag.—Pure silver in foil is requited as a standard. 
It may be prepared as follows .--iDissolve scrap silver in dilute 
nitric add and decant off from any residue; dilute the solution 
with hot water and add hydrochloric odd until there is no further 
precipitate, stir; allow the predpitate to settle; decant and wash; 
dry the predpitate, mix' it with twiro its bulk of carbonate of 
soda and fuse the mixture in a crucible until tranquil; dean the 
button and roll or hammer B into foil. . 

Sodium Acetate, NaC,H,0,.3H,0.—The crystals may be pur- 
abased sufSdently pure. M^e a 30 per cent, solution in water. 
It is used for replacing mineral acids by acetic add.* 

Sodinm Acetate and Acetic Acid.—A solution is used in the 
determination of phosphates and arsenates; 100 grams of the 
. salt is dissolved in 500 c.c. of acetic add, and dilated with water 
' to one litre. 

«Sodium Bicarbonate (NaHCO,)is usodas a flux in dry methods. 
On ignitian it leaves the carbonate (NayCO,), which is used as a 
standard reagent. Make a 30 per cent, solution of the carbonate 
for use. It should be free from chlorides or sulphates, or if 
impure the amount of impurities must be determined. 

Sodium Hydrate, NaHO. It may be purchased in sti(jcs, 
which should he kmt in a weU-corked bottle. It is sometimes called 
“ caustio soda.” It is a strong alkali. It is used for neutidiring 
acid solutions and for separations where ammonia is unsuitaUe. 
Make a $ per cent, solution for use. 

Sodium Hyposulphite, Ila,S,0,.5H,0.—It may be punhased; 
pure^ It is generally known as “hypo.” It is used aaVi^ 
standard. . ' 

, Sodnm Sulphite (Na,SO,.711,0) is used os a reduon^agcitt.. ' 
^ Sodinm Phosphate, NojHBO,. I sH.O. The crystals may^^ 
ymrohSsed pure, but they effloresce in . dry air with loss iff 

MaO;H.O. 4. m >s UtC^O, + Naa 
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It 10 i 30 ed as A atendard and for precipitating magnesia, <k 
Make a lo per cent, solution. - , o , 

Stannous Chloride SnCl,.0H,O.-Tl,e crystals are best pur 
It kept dry and free from air they are fairly permanrat 
A solution IS made by dissolving 20 grams I'c lo c.a of hydro 
^oric acid and diluting to 1 Htre. The solution is not permanent 
It IS a strong reducing agent, and is chiefly used in solution foi 
this purpose. 

Tin, Sn.—drain tin should bo purchased. It is not pure but 
contains 99.5 per cent, of the metal. The chief impurity ii 
TOpper. It can be used as a standard. When acted on with hot 
hydiodilonc acid it slowly dissolves (more rapidly in contact wit! 
platmum) and forni-s stannous chloride. 

TTranium Acetate, U0,(0.n.0.),.H.0.-It Ls host purehased ii 
crystals. The solution is used for the determination of phOsphatet 
and arsenates. A solution of 3 per cent, strength is occasionallv 
used as an indicator. , - ^ 

_ UrMium Nitrate, TJ 0 ,(N 0 ,),. 6 H, 0 .-Thia salt is very soluble 
m water and IS sometimes used instead of the acetate, which is 
Bomewnat difficult to dissolve. 

^Water,” H, 0 .—Spring or well water is sufiiciently pure for 
n^ purposes, 100 c.c. will leave a residue of from ro to jp 
mMgraiM, so that where a salt has to be dissolved out, evaporated 
and weighed it should be replaced hy distiUed water. Eain water 
melM snow, &c., always leave le.ss residue than sprinv water • 
but m other respects they are often dirtier. Distilled "water is 
be^ prepared in the office, a glass or tin condenser being used. 

Zine, Zn.—It is sold in a granulated form or in sticks It 
generally ronWns over i per cent, of lead, with a little iron and 
ar»nio. It is used for separating metals from their solutions, 
OM genendly na a reducing agent. For the preparation of 
hydrogen, and in most other cases, scrap sheet zinc may be use<i. 

Zmo Oxide, ZnO.—The commercM oxide sometimes contain* 
carbonate. 

Ztao Sulphate, ZnS 0 ,. 7 H, 0 .—It is occasionally used os 4 
wondard, and con be purchased nearly puia. 
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CHAPTER YTL 

POEMULiE, EQXJATIOWS, ETO. 

Fosmcljc and equations are a kind of short hand for expressing 
briefly and in the language of thp atomic theory the facts of 
chemical composition and reaction. The convenience of this 
method of expressing the facts justifies a short description of it 
here. 

On comparing the percents^ composition of a series of com¬ 
pounds the propoi-tious in which the elements combine appears to 
be regulated by no simple lajui. For exiimple; 



Kcaljpur. 



Cfritai. 

Arsenio . 

. 71.4 .. 

. 60 9 

46.0 ... 


Sulphur . 

. 28.6 ». 

. 30-1 

19.6 ... 

53-3 

Iron • . 

■ - • 

. .. 

34*4 »• 

46.? 


100.0 

. 100.0 ... 

100.0 ... 

100.0 


But if in these examples the composition is calculated, net on too 
parts, baton 107, 246, 163, and 120 parts respectively, evidence 
of a simple law becomes apparent. 



Ueal^ar. 

Orpiment. 

UiapHeL 

Pj’ritM. 

Arsenic . 

. 7 S .0 . 

.. 150.0 ... 

75.0 - 


Sulphur . 

. 32.0 

.. 96.0 ... 

32-0 ... 

64.0 

Iron . . 

. — . 

.. — ... 

50.0 ... 

56.0 


107.0 . 

.. 246.0 ... 

163,0 ... 

. 120.0 


It will be seen that the proportion of ansenic is 75 or twice 75,' 
that of iron is 56, and that of sulphur 32 or some simple multiple of 
32. The series of examples might bo extended indefinitely, and it 
would still be found that the “ combining proportions ” held geod« 
The numbm- 75 is spoken of as the “ combining weighti’' or, m(BW,i 
frequently, as the “atomic weight” of arsenic. Similarly 5$ il 
Ihe atomic weight of iron, and 32 the atomic weight of sul^iu. 
The iiqportance of this law of chemical combination is altogelte 
independent of fjhe atomic theory; but this theory fumi^ei'W 
simplest explanation of the facts. According to it a ebesmil 
oopapdund is made uji exactly smtilar groups of partic^' 
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particles of ea; ii >elcuicutary substance are all alike, but differ 
from those of other elements 'n weight. Ifltimate particles are 
called atoms, and the groups of atoms arc called mdeouUs. The 
atomic weight of any particular element is the weight of its atom 
compared with the weight of an atom of hydrogen. The atom of 
sulphur, for instance, is 32 times as heavj r.s the atom of hy¬ 
drogen, and the atomic weight of sulphur is 32. The molecular 
wciijht is the sum of the atomic weights of the group. The mol^ 
cule of pyritos contains two atoms of sulphur and otie of iron: on 
referring tc the table of atomic weights it will bo soon that the 
atomic weights are—.sulphur 32, and iron 56. The molecular 
weight, therefore, is 32 + 32 + 56—tlmt is, 120. The meaning of 
this is, 120 parts by weight of iron pyrites contain 64 parts of 
sulphur and 56 puts of iron ;*and tliia is true whether the “ parts 
by weight ” be grains or tons. 

The si/mbol or formula of an atom is generally the initial letter 
or letters of the Latin or Knglisli name of the substance. The 
atom of hydrogen is written II, that of oxygen 0 , of sulphur S, 
of iron (ferrnm) Fe, and so on. A list of those symbols is given 
in the table of atomic weights. 

The formula of a molecule is obtained by pkeing together the 
symbols of the contained atoms. Thus, Fe represents an atom of 
iron, S an atom of sulphur, while FeS represents the molecule of 
sulphide of iron ns containing one atom of each element. 

When mol's than one atom of an element is present this is 
shown by writing a figure under and after the symbol; thus, 
FeS, represents a molecule with one atom of iron and two atoms 
of sulphur, Fe,Sj similarly shows one with two atoms of iron and 
three of sulphur Whoij a group of atoms is enclosed in brackets, 
a figure after and under the bracket multiplies all within it; fpr 
example, Pb(NO,), is another way of writing PbN, 0 ,. Sometimes 
it is convenient to represent the atoms of a molecule as divided 
into two or more groups; this may be done by writing the 
formuhe of the groups, and separating each simple formula ly a 
full stop. Slak^ lime, for instance, has the formula 0 aH, 0 ,; or, 
as already explained, wo may write it Ca(II 01 ,; or, if for purposes 
. of explanation we wished to look on it as hme (CaO) and water 
(^ 0 ), we could Wilts it Ca 0 .H, 0 . A plus sign (-t) has a 
difierent meaning; CaO -(■ H ,0 indicates quantities of two sub- 
Itonces, water and lime, which are separate from each other. Tlie 
Bgn of equality (= ) is generally used to &parate a statement of 
the reagents used from another statement of the products of the 
reaction; it.may be translated into the word “yields”sor “b^ 
eMoea." The two statements form an equation^ 

Tgnoring the quantitative relation, the meaning of the eauatim' 
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^0+H,0 = 0a0.1j,0 is: “lime and water yield slaked lime." 
uy rrferruig to a teble of atomic weights we can elicit the qnan- 
otative relations thus:— * 

Cat) + no = CaH, 0 , 

I' I I 

Ca=4o 11,= j=-ixa Ca^ao 

0 0 =i6 H,= 2= XX2 

' 0,=32=16x2 


Or, putting it in words, 56 parts of‘lime oombino with 18 parts of 
watOT to form 74 jiarts of slaked lime. This equation enables 
one to answer such a question as tjiisHow much Ume must be 
used to produce i cwt. of slaked lime? for, if 74 lbs. of slaked 

Ume Inquire 56 lbs. of Ume, 112 lbs. wiU require ot 

•bout 84I lbs. ^ ^ 74 

example having a closer bearing on assaying take 
bVtalTrh order to assay 5 grams of‘black 

Ml “ueh potasaic cyanide 

(KCN)wjllberequued?" The reaction is ^ 

S“C, + 2KCN = Sn + aKCNO 

Sn=ij8 K = 39 

0,= 32 0 = 12 

— N=^14 

150 — 

mat is sought for here is the relltioh between the quantities 

I ® multiplks. 

all that follows up to the next stop or plus or equality sisn. The' 
question is now resolved to this: if 150 graS of o^dVof tin 
require 130 grams of cyanide, how much will e grams reqnire t - 
> 5 ° : 130 " S : ® 

A problem of fluent occurrence is to^find^percwitag# 
oompoMtion of a substance when its formuU has been riven. 
e»mple :“ What percentage of iron is contained in a-Yninei^.i 
hasnng the formula sFe.O.yH.O?” Bringing this fdhmS^ 
gether we have Fe^H'jO,. Ifind the molecuwr weight. 

Fe, . 224 - S<> X 4 

H| sa 6 Bs I K 6 

(O, = 144 s 16 X • 9 


J 74 



RWroi^ no,, 

Then we get; 3^4 'parts of the mineral coptain 224 of iron. How ' 
mnch will 100 couteinl 

374 : 224 :. 100 ; x 

a “ S9-89- 

And the answer to the question is 59.89 |)er li'iit. 

Again, suppose the question is of this kind“ How mueh 
crystallisfrf copper sulphate (OuSO,.5H,0) will be required toe 
make 2 litre.'* of a solution, i c.c. of which shall contaia o.ooib 
gram of copper ? ” * 

A litre is 1000 c.c., so, tbqpefore, 2 litres of the solution must 
contain 0.001 gram x 2000, or 2 grains. How much crystallised 
copper sulphate will contain this amount of metal f 
Cu = 63.3 • 

S = 32.0 

0, « 64,0 iC X 4 

5H,0 = 90.0 ^ 18 X 5 


249-3 

If 63.3 grams of copper are contained in 249.3 grams of sulphate, 
in how much is 2 grams contained. 

63.3 : 249.3 •• 2 giams : x 

X = 7-8769 grams. 

The answer is, 7.8769 grams must be taken. 

As a' sample of another class of problem similar in nature to the 
last (but a little more complicated) take the following:—“What" 
weight of permanganate of potash must be taken to make 2 Utros 
of a solution, 100 c.c. of which shall be equivalent to i gram ot 
iron)” In the first place the 2 litres must be equivalent-to' 
so grams of iron, for there are so x 100 c.c. in two litres. Is 
.Idle titration of iron by permanganate solution there are two re> 
Actions. First in dissolving the iron 

Fe + H, 80 , » FeSO, ■(- H, 

-I- 

56 


.tad second, in the actual titration, 
fnoFeSC^-t. sKMnO.-f 9 H,S 0 .= sMnSO,-). sFe/SOA+ aKHSO. 
■ I -fSH^O • 

K =39. 

.Mn = 5s 
0, -64 
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f- 
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can8ideratio&—viz., Fe and KMnO,. In tbe tecond equation w* 
fnd 316 parts of t&e permanganate are required for 10 moleculsa 
of FeSO,; and in tbe first equation 56 parts of iron are equiva¬ 
lent to one molecule of FeSO,, therefore 560 of iron are equiva¬ 
lent to 316 of permanganate; and the question is, How much of 
the permanganate will be equivalent to 20 grams of iron 1 
560 ; 316 20 grams : x, 

2;= 11.286 grams. 

The answer is 11.286 gi'ams. 

Very similar to this last problem is the question suggested 
under the head “ Indirect Titralibn ” (p. 43). *• If 100 c.c. of 
the standard permanganate eolation are equivalent to i gram of 
iron, how much peroxide of manganese will they be equivalent 
to! ” The equation for dissolving the iron is already given j the 
second equation is 

aFeSO, + MnO, + =>= Fe,(SO.), + MnSO, + 2H,0 

I 

Mn = ss 

0 , = 3 * ^ 

87 

It will be seen that 87 grams of peroxide of manganese are 
equivalent to 112 grams of iron. Jlow much then is equivalent 
to I gram of iron 1 

112 : 87 I gram : x 

21 = 0.7767 gram. 

' It is sometimes convenient to calculate the formula of a sub¬ 
stance from its analysis. Tbe method of calculating is shown by 
the foUowing example. Bequired the formula of a mineral 
which gave the following figures on analysis;— 


Gupxic oxide (GuO) 

V • « • 

. 10.58 

Ferroufl oxide (FeO) . 

. . . • 

• >5-69 

Zinc oxide (ZnO) . 

. • * . 

. 0-35 

Bnlphurio oxide (SO.) . 

• • • • 

. 28.82 

Water (H, 0 ) . 

. . . . 

• 44-71 



ioai5- 


First find the molecular weights of CuO, FeO, dec., and divi^’ 
tdie corresponding percentages by these figures, l^us, CuO& 
<3.3+ 16 =79-3 end 10.58 divid^ by 79.3 gives 0.1334. • Sinu-. 
tuly FeO = 56 ■*-16 = 72 and 15.69 divided by 72 ^ves 0.^79, 
IWted in the same way tbe oxide of zinc, sulphurm oxide.jm, 
water give os refults 0.0043, 0.3602 and 2.4S4. 

Cfia^T the ranlts as Mows >= 
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Baiei. Acid«. Wster. 

CnO 0.1334 ... BO, C.3602 ... ' H ,0 2,484 

FeO 0.2179 
' ZnO 0.0043 


HO 0.3556 .„ HO, 0.3602 ... H ,0 2,484 

The figiinis 0.3556, 0.3602 .and 2.4S4 should be then divided by 
the lowest of ihem--i.c., 0.3556 ; or where, ns in tlii^ case^ two of 
the figures are very near each other the me.an of these may taken 
0.3579. Whiohevor is taken the figures got will bo approxi¬ 
mately 1, I and 7. The formula is tlien ItO.SO,.711,0 in which 
E is nearly fths copper, fths iron and a little zinc. 

This formula requires the fyllowing percentage compasition, 
which for the sake of comparison is placed side by side with the 
actual results. 


Cupric oxide . 

Cnlenlftlcd. 

. . •. 11.29 

Ptiund* 

10.58 

Ferroufl oxitto , 

• • • > 5.37 

' 15-69 

Zinc oxide , 

• • . nil 

0.3s 

28.82 

Sulphuric oxide 

* • • 2S.47 

Water 

• « • 44-ii4 ... 

44-7* 


... 

lUU. 15 


Trimming the results of tm anal^is to make them fit in more 
closely with the calculations from the formula would be foolish 
as well as dishonest. There can bo no doubt that the actual 
analytical results represent the composition of the specimen much 
more closely than the formula does; although perhaps other 
specimens of the same mineral would yield results which w'ould 
group themselves better around the calculated results than 
around those of the first specimen analysed. It must be re¬ 
membered that substances are rarely found pure either in nature 
or in the arts; so tliat in most cases the formula only gives an’ 
approximation to the truth. In the case of hydiatod salts there 
is generally a difliculty in getting the salt with exactly the right 
proportion of water. 


FBAOTIOAL BXEKCISE8. 

Xbe foUowiag calculations may be made:— 

le OalcuUte standards in the foUowiDg cases_ 

(o) Silver taken, 1,003 gram. Standard salt need, ioai5 o.«. 

(0) Iron taken, 0.7 gram. Bichromate nsed, 69.6 c.a 
^ Calculate percentages • 

(a) Ore taken, i gram. Sdlntion need, 6 $a ao. Standard, 0.987 
gram. 
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( 1 ) Ore taken, i gram. Barium sulphate got, i. 433 gram. Barium 
sulpli&to contains 13.73 per cent of sulphur, and the per¬ 
centile of sulphur in the ore is wonted. 

(e) Barium sulphate is BaS04. Calculate the percentage of* sul¬ 
phur it contains, for use in the preceding question. 

^ A method of estimat ing the quantity of peroxide in a manganese ore 
iebased on the following reactions:— 

(1) MnO, + 4HCr = MiiCL + CL + 2ILO, 

(2) Cl + KI = KCl + I. 

^ To Ijow much MnO, is t gram of Iodine (I) equivalent I 

4. A mineral has the following coraposidon:— 

Carbonic acid (CO,) ^ . , 19-09 

Copper oxide (OuO) , . . 71.46 

Water (H, 0 ) . . ♦ , 9.02 

What is*its formula ? 

5, How much copper is contained in 1.5 gram of crystallized copper sul¬ 

phate (CuS 04.5H,0) ? How much of these crystals must be taken 
to give o. 4 gram of copper 7 

6. How much ferrous sulpbatg crystals (FeS04.7H,0) must be taken to 

yield 2 litres of a solution, loo c.c. of which sh.a11 contain 0.56 
gram of iron 7 

7, Galena is PbS, and hsemaAie Pe,Oy Wbat percentages of metal do 

these minerals oorrain t 



( n ) 


CnAl-TER VIII. 

SPECIFIC ‘GEAVITT. 

The relation of the weight of a substance to its volume should be 
kept iu mind in all cases whore both weight and volume are dealt 
with. Students are apt to iniagine that on mining equal volumes 
of, say, sulphuric acid and witter, an acid of half the strength must 
be obtained. If the statement of strength is in parts by weight 
this will load to comddeiaulo error. For example, lOO c.c. of sul¬ 
phuric acid containing 98 per cent, by weight of real acid, will, if 
diluted with too c.c. of water, yield a solution containing not 49 
per cent, by weight, but about 63.5 per cent, of the add. The 
reason is this: the 100 c.c. of sulphuric add weighs 184 grams, 
and contains 180.32 grams of real acid, while the 100 c.c. of water 
weighs only 100 grams; the mixed water and acid weighs 284 
grams, and contains 180.32 of real acid, which is equivalent to 
nearly 63.5 per cent, by weight. If, however, the method of 
statement be volumetric, it would be correct to say that doubling 
tile volume halves the strengfli: if 100 c.c. of brine contains 10 
grams of salt, and is diluted with water to 200 c.c., it would be of 
one-hidf the former strength, that is, 100 c.c. of the solution would 
contain s grams of salt. 

This confusion is avoided by always stating the strengths ns so 
many grams or “ c.c. "in 100 c.c. of the liquid. But obviously it 
would be advantageous to be able to determine quickly the weight 
of any particular substance corresponding to i c.c. or some other 
given volume. Moreover, in descriptions of processes the 
stSengths of acids and solutions are frequently defined neither by ■ 
their gravimetric nor volumetric composition, but by a statement 
eitW of specific gravity or of the degrees registered by TwaddeU’s 
.Ka* Beaumi’s hydrometer. Thus, in the description of the process 
pf gold parting, one writer gives: “The acid should be of i.a 
sfihrafic gravity”; and another says: “The acid must not be 
stronger than 32* Beaumd." , * 

T^ese considerations justify an account of the subject in such t 
.woric tins. And on other grounds the determination of a speeifio 
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gravity is one of^the operations with which an iissayer shonld be 
{amiliar. 

The meaning of “ specific gravity ” is present in the mjnd of 
every one who uses the sentence “ lead is lieavier than water.” 
This is meaningless except some such phrase as “ hulk for bulk ” 
be added. Make the sentence quantitative by saying : “ bulk for 
bulk lead is 11.36 times heavier than water," luid one lurs the exact 
mcaqing of: “ the specific gravity of lead is 11.36.” A table of the 
sjiceific gtavities of liquids :md solids shows how many times 
heavier the substances are than w.atcr. 

It is better, however, to look lipoii the specific gravity (written 
shortly, sp. g.) as (lie weight of a substance divided by its volume. 
In the metric system, i c.c. of water at 4* 0 . weighs with sufficient 
exactness i gram; consequently, the sp. g., which states how many 
times heavier than water the suKstance is, also expresses tbe 
weight in grams of one c.c. of i(. So that if a too c.c: flask of 
nitric arid weighs, aflior tht weight of tbe flask has licen deducted, 
120 grams, 1 C.C. of the acid weigh-s 1.2 gram, and the sp. g.is 1.2. 
The .sjiecific gravity, thijp, may lie determined by dividing the 
weight of a substance in gram.s by its volume in c.c.; but it is mor^ 
convenient in practice to detennine it by dividing the ictujhi 0/fftt 
mhaUmce by the weitjhi nf an equal volume of water. And since ffle- 
volumes of all sulrsbinces, rvater included, vaiy with the tenfpera- 
tuie, the temperature at which tbe'sp. g. is detei-mined shipud’be 
recorded. Even then there is room for ambiguity to thq.hjxtent 
tliat such a statemout as the following, “ the specific gwWty of the 
substance at 50°C. is 0.9010,” may mean when compaJ* 4 d with water 
at 50” C. or 4“ C,; or even 15.5' G. For practical purposes it 
should mean the first of these, for in the actna! exjicnments the 
water and the substance are compared at tbe same temperature, 
and it is well to give the statement of results without any super¬ 
fluous calculation. In the metric system the standard temperature 
is 4" C., for it is at this point that 1 c.c. of water weighs exactly 
I gram. In England, the standard temperature is 60* F. (15.5* C.), 
wliich is supposed to be an average tcmiierature of the balance- 
room. Tho convenience of the English standard, however, is 
merely apparent ; it demands warming sometimes and sometimes 
ceoling. For most purposes it is more convenient to select a tem¬ 
perature sufficiently high to avoid the necessity of cooling at any 
time. Warming ,to the required temjierature gives very little 
trouble. 

Determination of Specific ara.vity.—There is a quick and 
easy method of determining the density or sp. g. of a liqfiid; based' 
upon the faA that a floating body is buoyed up more a heaty 
liquid (jian by a light one. The method is more remarkalfle for 
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sfieed than accuracy, but still is 8 u£ 5 ciently exa«t. The piece of 
apparatus used for the purpose is endowed with a variety of 
names—sp. g. spindle, h;, drometer, aieometer, salimeter, alcoholi- 
meter, lactometer, and so on, iucoiding to the special liquid upon 
which it is intended to be used. Jt consists of a Ccvit with a sinker 
at one end and a graduated tube or rod at the oi her. It is made 
of metal or glass. Generally two are recpiiied, one for liquids 
ranging in sp. g. from i .000 to 2.000, and ^ » 

another, which will indicate a sp. g. between 
0.700 and 1.000. The range do^iond.s on the 
ske of the instrument, h'or special work, 
in which variations within narrow limits are 
to 1)0 deterniincd, moi-o delicate jnstriiments 
with a narrower range are made. 

In using a hydrometer, the liquid to he 
tested is placed in a cylinder (Cg. 34) tall 
enough to allow the instrument to floUt, and 
not too narrow. The temperature is fciken, 
and the hydrometer is immer-sed in the fluid. 

The mark on the hydrometer stem, level with 
the surface of the liquid, is road off. With 
ti-ansparent liquids it is best to read the mark 
under and over the water surface luid take t'lu. 34. 

the mean. 



The graduation of hydrometers is not made to any uniform 
system. Tho.se marked in degrees Baume or Twaddell, or accord¬ 
ing to specific gravity, ore mo.st commonly used. The degrees on 
Baume’s hydrometer agree among themselves in being at equal 
distances along the stem; but they aie proportional neither to 
the specific gravity, nor to the percentage of salt in the sf)lution. 
They may be converted into an ordinary statement of specific 
gravity by the following formulse:— 

Sp,g.=- 

‘ ° 144.3-degrees IJaume. 

or putting the rule in words, subtract the degrees Baum^ from 
’44.3, and divide 144.3 with the number thus obtained. Tor 
example: 32’ Baume equals a sp. g. of 1.285. 

_J41.3_ ^ Hid ^ 

144-3-32 112.3 

' _ This rule is for liquids heavier than water; for the lighter 
liquids the rule is as follows :— 

g _ h6_ 

"■ “■ “ 136 -c degrees Baume. 

or in fords divide 146 by the number of degrees Baam 4 added 
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to 136, For example: ammonia of 30* Beaume has a ap. g. of 
0.880 (nearly). ‘ 

146 146 . 

—r - = - 0.8705. 

136 + 30 166 

A fimplo series of ealculatioiis enables 0110 to convert a Beaumi 
hytlromoter into one showing the actual sp. g. Grailuation, 
according to sp. g. is the most convenient for general purposes. 
In thftso instruments the distances between the divisions become 
less as theMensities increase. 


Twaddell’s hydrometer is graduated in this way: Each degree 
Twiiddell is 0.005 in excess of \iiiity. To convert into sp. g. 
multiply the dcgieos Twaddell by 0.005, ^ “' 1 '^ i- J^’or example: 

*5* Twaddell equals a sp. g. of 1.125. 

25 X .005 = 0.125 ;'+ 1.000=1.125. 

There is a practice which ignores the decimal pdiit and speaks 
of a sp. g. of 1125 instead of 1.125. *■" 
venient, and inasmuch as no substance has a r«il sp. g. of much 
over 20, it can load to no confusion. TheCgiire.H expressed in this 
way represent the weight af a litre in grams. 

Some hydrometers are fradiiated .so as to show at a glance the 
percentage composition of the liquid they are intended to be used 
with. Gay-Lussac designed one to show the alcoholic strength of 
mixtures of alcohol and water; the construction of others upon, J 
the same principle is ea.sy and jierhaps useful. But when 
principle is applied to complex liquids and mixed solutions, it ji- 
misleading. v 

The various methods of gvaduatio.i ought ell to give pliioe to 
one showing a simple statement of the sp. g. 

The method of determining sp. g. with the hydrometer is 
obviously inapplicable to tho case of solids, and in 
the case of liquids it should not l)e used where exact 
figures are required. There are several other methods 
which may be used, but on the whole those with the 
specific gravity bottle are most convenient. 

The speoiflo gravity botUe (fig. 35) is a light 
flask of about 25 c.c. capacity, provided with a well- . 
fitting perforated stopper. It is essentially a gradu> 
ated flask, which measures a constant volume, but, it. 
does not much mutter what tho volume is. - “ 

In if/i&iHff the sp. g. of a Kgwid (or, what it fitf 
same thing, a fused solid) there is wanted the weit^titr^ 
Fio. 35. (1) of the flaskful of water and (2) of the flafWcSH 

* of the liquid. Dividing the second by the finstwitm 
tile required sp. g. The actual weighings required sai — 
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(i) of the 1I17 and empty fiaak, 

(3) of the flask filled with water, and 
, (3) of the flask filled with the liquid. 

The weighing of the flask once made need not be often repeated. 
It is well to do so now and then for safety’s sake.; but one weigh¬ 
ing will serve for a lArge number of determinaiions. The same 
remarks apply to the weighing of the bottle filled with water. 
The bottle is dried by rinsing out first with alcohol and afteijvards 
with ether; ether is very volatile, and a short exposure in a wan 
place will soon drive ofif the little rcma.miiig about the sides. The 
ether vapour should be sucked out through a gloss tube. See that 
the bore of the stopper is dry as well as the bottle. Let the dry. 
bottle stand in the box of the balance for a minute or two before 
weighing. Tlie weight is, .strictlj speaking, not that of the empty 
bottle, but of the bottle filled with air. The empty bottle would 
weigh from 30 to 30 milligrams less. Correcting for this would, 
in most ,case.s, only make a dilfei-ence in the fourth place of 
decimals,* so that it is better to ignore the error. 

Tho weight of the flask filled with water is got by filling it with 
distilled water, and inserting the stopper. The excess of water 
will overflow at the margin and through the boro. The bottle is 
wiped with a soft, dry cloth, taking care not to sqaeeze or warm 
the bottle. The bottie wilt remain filled to the top of the stopper. 
It is allowed to stand in the balance box for a minute or two, and 
then weighed. 

li Distilled water, as stated, should be used; the use of ordinary 
I’ Vater may increase the weight by 5 or 6 milligrams. Many 
waters, if they have not previously been boiled, give off bubbles 
of air whicli render the weighing worthless. 

The temperature of the water is of greater importance; lower¬ 
ing the temperature 2* wdl increase the weight by 10 or 12 milli¬ 
grams. A beaker of water may be warmed or cooled to the re- 
. quired temperature; then the bottle is filled from it, and quickly 
weighed. If the balance-room is cooler than tho water, the latter 
will draw back into the bottle, and a few small bubbles of air will 
enter; but even in extreme cases this wiU only increase the 
wpight by a very small fraction of a milligram. There is more 
' tihnble caused when the room is warmer, for the liquid then ex- 
’ ponds and protrudes as a drop rating on the top of the stopper. 

a, 

Ihs difference of 20 or 30 milligrams is disregarded here beoanse it 
('dettacts equalij hom the actual weight of the water and liquid to be 
determined. If the liquid is a heavy one the difference shows itself in the 
third or second place of decimals. The correction may be giade by dednot- 
' ’ ins hxan the weight of the flask 0.0013 grams for each gram of water It 
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There will in this fiise be loss by evaporation, which in the case of 
tlu' more volatile liquids, such as alcohol, is serioua. To prevent 
this loss, as well as any that may arise by overflow, the stopper . 

should be dilated above into a small cup, A (fig. 36), 
which may itself be stopiiered. In a bottle of this 
kind the nock of the stopper is graduated, and the 
liottlo is consideicd full when the lupiid stands at the 
level of the mark in the neck. On inserting the stop- 
'per, the liquid rises into tho cup, and is reduced to 
the level of the mark by absorption with pieces of 
filter-i>ap('r. ' 

For most purpascs, however, there is no need for 
cooling and allowing^room for subsequent expansion. 
The uss,ayor, as a mle, can select his own standard 
Fia. 36. lompei-atiiro, and may choose one which will always 
neawsilate warming. It will he handier in this case 
to have a bottle with a thermometer stopper. Of tho two typos 
shown in fig. 37, that with the external theriuouieter tube (A) is 
more generally ii-icful. 

Tho bottle is filled at a ^wer tempertiture, and is then gently 
warmed so as to slowly raise the tem¬ 




perature to tho required degree. The 
superfluous liquid is. then at once wiped 
oflT, and the bottle cooled and weighed. 

The weight of the flask filled with thq 
liqiud whose sp. g. has to be determined 
is ascertjuned in a similar way. Of 
couise the temperature must be the 
same. If the liquid does not mix with 
water, the bottle should he dried before 
fining, but otherwise tho flask need only 
lie rinsed out two or three times with the 
liquid. 

Having obtained the three weighings, 
deduct tho weight of tho bottle from 
each of the others to get the weights of 
the water and liquid respectively. Divide 
the latter by the former, the result show^ 


. the sp. g. As an example, take the" fol¬ 

lowing, in wliich a lather large sp. g. bottle wsa used;— 


1. Weight of bottle. 39*299 grant 

2. Weight of bottle and water . . . . gi.884 „ 

*3. Wcight,of bottle and parallin . . ' . 73.146 „ 

By subtracting i from 2 and 3 the result is as follows}— 
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<1.884 gr»ms 73.146 grams 

39-299 .. 39-299 .. 

42.585 of water. 33847 of p,-r:iffln. ! 

Divide tlie weiglit of the paraffin by th.at of the water— 

42 585)33S47o(a7948 
29.8095 


The sp. g. of Ik c piiraffin is 0.7948. 

TJie tp.g. of a ftisible aoUd may* be obtained in the same way at 
a temperature some degrees above its fusing point. 

The sp. ij. of a solid in pomiler or gravel aufficiendg fim to puss 
thnmgh the ueeh of the botUa is easily slotemined. If the bottle 
filled with water weighs 50 grams, and there is placed on the pan 
alongside of it 20 grams of a sand, the weight of the two together 
will of course be 70 grams. But if the sand is put in the bottle, 
it evidently displaces its own bulk of water; and if, on again 
weighing, the weight is found to bo 62 instead of 70 grams, it is 
beraiuse the 20 grams of sand has displaced 8 grams of water. 
Bulk for bulk, the s,and is 2^ times us heavy. 

In practice, the weight of the lx>ttle filled with water will pro- 
bawy be already known; if not, it must be determined. A 
certain quantity, say 20 grams, of the powdered substance is then 
transferred carefully to the bottle. The bottle need not l)e dry 
inside, but its neck and outside must be. In making this trans¬ 
ference a careful worker will make no loss, and the mode of work¬ 
ing saves a little time. But it is better to weigh the dry fiask; 
put into it 10 to 20 grams of the powder, and weigh again. The 
increase in weight gives accurately the weight of powder in the 
bottle. About two-thirds fill the bottle with distilled water, and 
mix with the powder by gentle shaking. Air bubbles will disen¬ 
tangle themselves, and rise to the surface of the water. Wash 
hack anything adhering to the stopper with a jet of water, and fill 
the bottle almost to overflowing. Allow it to stand for a minuto 
Of so; replace the stopper; warm to the required temperature; 
Iwke off the superfluous moisture; wipe an 4 weigh. As an 
i^omple, take the following 

t. Weight of bottle.12.681 grams • 

2. „ „ bottle bllcd with water . . 37.9o8 „ 

3. „ „ bottle with wolfram . . . 40.821 „ 

4. a n bottle with wolfram and water . 61.199 ■ 
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Subtract (i) fiviD (3) to get tile weight of wolfraiD takm; 
40.821 grams 
12.6S1 „ 

28.140 „ 

sdd the weight of the wolfram to the weight of the bottle filled 
with svater: 

28.140 grams 
37-708 „ 

65.848 „ 

subtract (4) from this to get the weight of water displaced; 
65.848 grams 
61.199 1. 

4-649 .. 

Divide the weight of the wolfram by the weight of the water 
displai^ to get sp. g.; i- 

4.649)28.140(6.053 

27.894 


If the iolid is aolvhh in water, or hat a tendency to float, some 
liquid other than water is used. Paraffin oil or oil of turpentine 
wul do. The process is as follows :—^The weight of the dry and 
empty bottle having been determined, add a sufficiency of the sob> 
stance and weigh again to find how much has been added. Fill 
up with paraffin oil and weigh again. Clean out the substance by. 
rinsing with paraffin; fill up and weigh. Calculate the sp. g. as 
if water had been used, and multiply by the sp. g. of the paraffin.. 

For example: 

1. Weight of bottle.39.299 grams 

2. ,1 „ bottle and nitre . . , 57.830 „ 

3. „ „ botUo and paraffin . . . 7 j 146 „ 

4. „ „ bottle and paraffin and nitre . 84.665 „ ... 

.-5- e » bottle and water . . , 81.88I tt 

Krst fi-om (i), (i), and (5), calculate the sp. ,g. of the paf^afli^^; 
as already shown! It will be 0.7948. Deduct (i) from 
get the weight of the nitre: - ., 

57.830 grams 
39-*99 » 

>8.S3> • 
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•dd this to (3): 18.531 grams 

73''4<i 


91.677 „ 

ftcd deduct (4) to find tho woi^dit of tho equal b«'ik 01 paraffin; 
91.677 j'ninis 
84.665 „ 


7.012 „ 

divide tlie wiiglil of tho nitre hy tlio weight of the p.iraffin : 
7.012)18.531(2.6427 


The sp. g., taking paialHn as the slimdard irwtcad of water, is 
2.6427. Multiply this hy tho sp. g. of paraffin, 0.7948, and the re¬ 
sult is 2.1004 as the sp. g. of nitre copipared with water. 

Similarly, a sp. g. compared with water at say 50° G. can be con¬ 
verted into one comjiared with water at standard temperature, by 
multiplying by the sp. g. of water at 50“ C. Tho following tablo 
gives tho sp. g. of water at various temperatures:— 


Desroea 

Ceiilltjrndc. 

Pp, Q. 

Dci^CPB 

Ceutigrade. 

Sp. G. 

Pp^ce* 

CciiUG'rade. 

Sp.G. 

4° 

t.oooo 

20* 

0.9982 

40* 

0-9923 

10' 

0.9907 

*5“ 

0-9971 . 

so” 

0.9881 

>5° 

0.9991 

30 

0-9957 

■i 

0.9586 


If, for example, a sulistaiice at 50" C. has a sp. g. of 0.9010 os 
compared with water at 50° C., it will have (compared with water 
at 4^0.) a sp. g. of 0.9010 x 0.98S1; or 0.8903 The figures 0.8903 
represent the sp. g. of the substance at 50' C. compared with water 
at 4’ 0 . Except in comparing the sp. gravities of the same sub¬ 
stance at diftrent temperatures, a calculation of this kind serves 
no useful purpose. 

Jtf taking the spedfia graviig af a edid not in powder, a lump of' 
It is freed from loose particles and its exact weight determined. 
;py meaim of a horse hair with a slip knot it is suspended to the 
ibalance, and beneath it is placed, out of contact with tho balance 
a Wker of distilled water. The horse hair must bo long 
jDough to keep the mineral well beneath the surface of the water 
^ H to allow the balance to vibrate. Air bubbles are remqyed- 
.^. touching with a camel-hair pencil. Whilst the mineral is 
il^ended in water tho weight is agmn taken. It will weigh less 
j^^nhf^on, and the difference between the two weighings gives 
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tho weight of watir (and con.seqnently the volume) displaced by 
the mineiul, Tlio weight in air dmJed by the dill’erence is the 
speeille gravity. Thii.s • 

Wtighi in air.3.Z170 grama 

Weight in water.2.7050 „ 


Dirrrretice ... . 0.5120 gram 

5.2175+OJ5120 (Hjuuls 6.28, the 871. g. 

The sp. g. of a sulistanee ileponds m.ainly on its composition, 
but i.s alfected by certain <oniIi(.ions. The effect of tempera¬ 
ture has lieen alrcndy considered. Air holes and om))ty spaces 
lessen the specific gravity of otherwise solid liodics ; and metals, 
which Jitter fasion become imperfect solids, have their density 
increased by hammeiiug or rolling. But metals when free 
from pores have their density dimini.shed when rolled, witliout 
annealing. The effects of these conditions are slight when 
compared with those due to the presence of impiiritiea 

t’lir simple snb.stances, or mi.stnres of only two suKstances, 
a determination of sp. g. i^ sntlieiont cheek on the composition 
for maiiy priutiad jiurposcs; and with more comjdes mirtures, 
such ns slags and some of the products of dre.“sing operations in 
which tho material does not differ much in its nature from time to 
time, such a delerminatiou will yiehl information of considerable 
value, and affoi-d a chock, upon tho proper working of a process. 

When the mixing of two substances is accompanied by a change 
in volume, the sp. g. of tho mixture can only bo learnt by experi¬ 
ment. But when the substances h.ive no such action on each 


other the resulting .sp. g. can be calculated. Some of these calcu¬ 
lations liave a practical interest as well ns an educational value. 
Students should practise them so as to become hamiliar with the 
relations between weight and volume. 

ir/teii substances ure mixed by volume, the sp. g; of the mixture 
is the mean of those of its constituents, and may be calculated 
in the usual way for obtaining averages, i c.c. of a sub¬ 
stance having a sp. g. of 1.4 mixed with i c.c. of another having 
a sp. g. of 1.0 will yield 2 c.c. of a substanco Wing a 
sp. g. of 1.2. If, however, we write gram instead of c.0. in 
the alxive statement, the resulting sp. g. will be 1,16. Tbe 
Simplest plan is to remember that tho sp. g. is tho weight divided 

by the volume (sp. g. = - j and the sp. g. of a mixture is the sum 
of the weights divided by the sum of the volumes (ep.^g.^-, 
\ above example the sum of thevoluffiBs! 

*ii a c.c. r the" weights (got by multiplying each volu»e„t^ itt' 




SPECIFIC oRAvrrr. Sj 

coirraponding Bp. g.) are 1.4 giujii and i giam. The sum of the 
weights divided by the sum of the volinncs i.s — or 1.2. 

The sp. g. of a mixture of 10 c.c. of a subatuuee liaving a ap, g. 
of 1.2, with 15 C.O. of another having a sp. g. of 1.5 may lie tbia 
found:— . > 

12 -f 22.*: ^ * 

sp. g. ^ -■ = 

10+15 

multiply each volimie by its sp. g. to get its weight: 

10x1.2 = 12 15x1-5-22.5 

25 ).U- 5 (i- 3 S 

. 

95. ‘to. 

The ap. g. mil bo 1.38, provided the mixture is not accompa- 
nied by any change of vobuno. ^ 

The stuue foi-niula will serve when the proportion of the ingre¬ 
dients j,s given by weight. A inixtiiro of 4 p.arts by weight of 

galena (.sp. g. 7.5) with 5 parte of blende (sp. g. 4) will h,ive a 
sp. g. of 5.06 : ' 1 B +/ 

ap.g. = _ __9 _cn6 

0.53 + 1.25 1.78 

It is necessary in this vase to ealeulatc the volumes of the 
plena and of tho blende, which is done by dividing the weights 
“y,. .j jP‘ ginvities: thus, 4 divided liy 7.5 gives 0.53 and 
.5 divided by 4 gives 1.25. v < e e ao 

The inverse problem is a little more difficult. Given the 
sp. g. of a mixture and of each of the two ingredients, tlie per- 
centoo by weight of the heavier ingredient may be ascertained 
by the fonowing rule, which is best expressed as a foi-mula. 
there are three sp. gravities given ; if tlio liighest lie written II, 
the lowest L and that of the mixture M, then : 

Percentage of lieavier nriiicral = 

M X (II - L) 

Suppose a sample of tailings has a sp. g. of 3.0, and is made 

np of qn^z (sp.g. 2.6) and pyrites (sp. g. s’.i); then the per¬ 
centage of pyrites is 27 : . = j / r 

1 00 X 5.1 X ( 3-2.6) 510x0 .4 204 
3 -' 5 -'- 2 - 6 ) ~ 3x2.5'~ 7:5 

The s^e problem could be solved with the help of a Mttla 
algebra by the rule ilready given, as thus: the sp. g. of a mixtuil 
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equals the sum of the weights of the constituents divided by the 
sum of the vdwMS. Thea loo giaius of the biilings with afpor 
cent, of pyrites contain loo-rc pei' cent, of quartz. Tho sum of 


the weights is loo. The volume of the pyrites is — and of th' 


Then we have by the rule 


3 = 

1326 

^ ~ 510-2.s® 


( a;. 100—!r\ 


204 = 7-5® 

and 27.2 

If the percentage (P) and sp. g. (II) of one constituent and tho 
sp. g. (M) of the miituro aio known, the sp. g. of the other con- 
Blituent may be calculate^ by the following formula, in which 
sc is tho required Bp.a .: 

(loo-P)xMxH 

®“(iooxH)-(Pim5 

For extvmple, “tailings” (sp. g. 3.0) containing 27.2 percent.. 
of pyrites (sp. g. 5.1) will contain (100-27.2), 72.8 per cent, of 
earthy matter having a mean sp. g. of »; 

a, _ (i oo-27-z) ’ «3<<5-i 

“(lOOX 5 .l)-( 27 . 2 X 3 ) 


»13-84 

428.4 


2.6 


The differences in sp. g. corresponding to differences in strength 
have been carefully determined and tabulated in the case of the 
stronger acids and of many other liquids. Such tables are given 
at the end of this book. 


To Calculate the Weight of a Measured Volume of Mineral ot 
Rock .—Multiply the cubic feet by 62.4 and then multiply by tha 
sp. g. of the stuff, the answer gives the weight in pounds. Fc>r 
example, 100 cubic feet of quartz weig^ 100 x 69.4 x 2.dai- 
16,224 lbs. The weight of any mass of mineral of knbwn ext^t^ 
and sp. g. is ascertained in this way. 

The following table gives the specific gravities of some d thh-, 
commoner minerals. 


Barytes. 
BleSde . . 

CSalcite . . 

•OasSlterite . 
Ohalybite 
Oopi^ pyrites 


. 4.5 Kluor . 

. 40 Galena . 

. 2.6 Hematite 

. 6.9 Mispickel 

. 3.8 . Pyrites . 

. 4.2' Quartz . 
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CHAFJMSR IX. 

8 ILVEB, GOLD, CYANIBES, PLATINUM, 
MKECUBN. 

SILVEE. 

SiLVEB is widely diflosed, and has been found in most mining 
districts. It occurs native in sufficient quantity to constitute one 
of the chief ores of the metal. It also occurs combined with 
sulphur (ns in argentite), with sulphur and antimony (as in.ste- 
phanite or brittle silver ore, and in pyrargyiite or ruby silver), 
and with eop^r, sulphur, antimony, and arsenic, as in polybasite. 
Chloride of silver occurs native as horn silver or kerargyrite. 
Silver is found in the ores of other metals, such as fahlens, which 
sometimes contains from two to ten per cent, of the metal, and 
galena, which is an important source of it; in fact, galena is never 
found entirely free from silver. It is present ato in greater or 
less quantity in the ores of copper and zinc. 

Silver dissolves readily in nitric acid, forming silver nitrate 
It only forms one family of salts, and of tfiese the chloride and 
nitrate are of chief importance to the assayer. The formation of the 
chloride of silver on the addition of hydrochloric acid or a soluble 
(ffiloride to the nitrio acid solution, serves for the recognition and • 
separation of silver. The precipitated chloride is wmte (becom¬ 
ing violet on exposure to light), insoluble in nitrio aoi4, soluble in 
anmonia, hyposulphite of soda, or concentrated solutions of chlo- . 
tHM. The best confirmatory test is made by wrapping the pre- 
elpita.te in a little sheet lead, and cupelling, when the silver will 
bo in the metallic state, and is easily recognized. 

firy Aasaiy .—This assay is made up of two^iarts: fi) the. 
<)m^ttation of the silver in a button of lead ; and (s) the 
inp^t^ion of the resqlting alloy. The concentration ofHbe 
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button of lead majr be eil'ucted either by ecorification or by fusion 
in a crucible. 

. The scorification assay is performed in a scorifier, which* is a 
shallow open-mouthed dish about 2| inches across, with a very 
thick bottom to enable it to withstand the rarrosive action of the 
slag. A charge of more than 3 or 5 grams of the ore cannot be 
worked in one, and with such small charges the unavoidable 
variations {lave a serious efi'cct on tlie figures reported. A differ¬ 
ence of one milligram on the weight of the button of silver got 
represents a difieronco of 6 or .10 ounces per ton. With rich 
ores such variation is uuuvoidablo under any couditioms, and the 
only safe pltin is to take the mean of sevenii as.says. But with 
poorer ores the accunicy of the, aasay, a.s w'ell ns convenience in 
working, is much increased by working in a crucible with larger 
charges. 

In scoiilication the propqrtion of load required for scorifying 
I gram of ore is in average cases from 10 to 15 grams, sinking in 
the case of galena to 2 grams, and rising with earthy and refrac¬ 
tory substances to from .jb to 40 giams. But by fusing in a 
crucible with well-selected fluxes, a proportion of 4 of • flux to 
I of ore is generally sufficient; and not only is the proportion of 
added matter less, but it is also easier to4gianipulate large quan¬ 
tities in crucibles, so that, although in some cases the crucible 
assay is more troublesome and less satisfactory, yet with poor 
and earthy ores it is the best method of dealing with them ; while 
when properly worked it yields reunilts os occumte as scorification 
does. As a geneml rule, if more than 5 grams of ore must be 
taken, the crucible assay should be adopted. 

Scorification Assay.—The charge of ore is usually 3 grams, 
sometimes $; the lead varies from 30 to 70 grams, and the quan¬ 
tity of soda, Iwax, or powdered glass added varies from 0.3 to 3 
or 4 grama. It is generally recommended to have the lead granu¬ 
lated,* and to mix the ore with about half of it in the scorifier; 

then to put on the rest of the lead; and 
finally to sprinkle the borax or glass on 
the top. It answers just as well, how¬ 
ever, to use the lead in the shape of 
foil, and wrap the ore up in it; and if 
the ore contains much sulphur, the 
Fio. 38. ' borax may with advmitage be e^ded 

(wTsppi'd in a little tissue paper) sq|pn'; 
dve or ten minutes after the o| erslion has started. . f,?, 

. * bead mayle grauulaiwl by he tins >' m a little above the meltiitfv 
polat, pohring it into a closed woodea box, and rapidly agitating it at 18 - 
1 toudlflea* 


^\. _ / 
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The process of acorification is as folIowTSA scorifier (fig. 38) 
of coDveoient size having been selected (one zj inches across is 

moA generally __ 

useful), it is ‘ =■' ‘ 

dried at a gentle i—III 

heat for about Fio. 39. 

ten minutes. 

The charge U then put into it, and it is introduced, with the 
help of a scoi iller tongs (fig. 39), into a muffle heated consider¬ 
ably above redness. The muffle is then efixsed, and when the 
metal Las melted down, it is opened, but the temperature is kept 
up. A ring of slag will, after a time, form around the metal, 
and when this appearance (knojvn as the eye) pmsents itself, the 
temperature may be lowerad. When the eye has diaappeared 
—that is, when the layer of slag 
has quite closed in—a pinch of^ 
powdered culm wrapped in tiasue 
paper is added. As soon as the 
slag has again become tranquil, the 
. scorifier is taken out, and its con¬ 
tents are poured into a mould (fig. 

40), the shig is detached, and 
saved. If the button of metal weighs more tlain 30 grams, 
,yte size is reduced by another acorification in the same scorifier, 
wliich should have been replaced in the muffle immediately after 
the contents had been poured out. 1 f the ore is not a very rich 
one, the button of lead will carry practically all the silver; but 
with rich ores it is more siitisfactoi'y to save the slag, and subse¬ 
quently to melt it down with the cupel on which the lead has 
been treated, so as to recover the silver lost in the slag, together 
with that absorbed in the cupel, at one opeiution. Or, if the 
cupellation loss is neglected or calculated in some other manner, 
the slag or slags from the scorifier may be powdered and mixed 
with 20 grams of oxide of lead, 5 grams of borax, and i gram of 
charcoal. This should be melted down in a small crucible, and 
,the resulting button of lead cupelled. 

If the scorification has been unsatisfactory, the quantity of silver 
obtained from the slag will beTiy no means inconsiderable. The 
usual explanation is that with sulphury ores compounds .of metal¬ 
lic oxides and sulphides (oxysulphides) are formed, which remain 
in the slag, retaining considerable quantities of the precious metal 
It is said that under certain conditions such a slag may contain 
“as much as lo per cent, of silver. An excess ofclead and a high' 
temperature prevents the formation of these oxysulphides. But 
if muoh silver is present in the ore, the slag cannot beltafely 
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throTO away, evon*if sulphur is absent, and the process has been 
satisfactorily performed. 

If the crust which apjieare on the surface of the-lead does not 
dear, add a small lump of borax and 20 grams more lead; then 
close the muffle, and keep the temperature as high as possible. 
If the slag forms properly, but shows unfuscd or only half-fused 
lumps, even when the scorification has proceeded for some time, 
add more borax, and stir with an iron rod. The slag adhering to 
the rod must be detached by hammering, and replaced in the 
seorifler. «■ 

If the ore consists largely of quartz, soda should be added 
instead of borax; or, if it contains much copper, powdered quartz 
may be used. If the scoriher at the end of an operation is more 
than usually corroded, the borax should be replaced in subsequent. 
assays on similar ores by powdered glass or quartz. 

If a fairly fluid slag is formed which does not clear from the 
metal and show the eye, more lead and a higher temperature is 
wanted. 

As a general rule, it may f 5 e stated that when a scorification is un¬ 
satisfactory, what is wanted is more heat, more lead, or more borax 
It is a safe plan when work has to be done on a strange ore, to 
make three or four assays with varying quantities of lead.* The 
proportion of lead is right when a further addition does not yield 
a higher result. The proper proportion having been found, 
note of it should be made for future use. 

POT ASSAYS. 

The object of, the fusion in a crucible, like that of scoiifica- 
tioD, is to concentrate the silver in a button of lead which 
is to. be subsequently cupelled; and to retain the earthy and 
waste matters in the slag. It b necessary to consider the quality 
of the slag and the weight and quality of the lead. The slag when 
fused should be liquid and homogeneous, and not too corrosive on 
the crucible. The button of lead should be soft, malleable, and 
free from a coating of regulus.* In weight it should not difiar 
much from the ore taken. With 20 grams cf ore, for example, a 
button of lead weighing from 18 to 25 grams will be satisfactory: 
less'than this wo^d leave an undue proportion of silver in tiW- 
slog; and more would be unnecessarily large for cupelling, and , 
would increase the Idss in that operation. ..^ 

With average ores, take 20 grams of thj powdered ore and ngik '] 
with 30 grams of “ soda,” 40 grams of red-lead or litharge, 5 
of bona, and from 2 to 2.5 grams of flour, and place in an £ bra*',/ 
* ^ rod of irop placed in the crucible with the assays will deoCsspeiii..', 
.apr reKiUosthat may be formed. 



sitvmii.. 


cible (Battersea round). Pot these hi the fnrnaee at a red heat, 
covtr the crucible, aud gradually raise the temperature until the 
whole charge has melted down and is in a state of tranquil fusion. 
Pour into a mould, aud replace the crucible in the furnace. As 
toon as the lead is solid, detach the slag and put it back into the 
crucible j and when it is again fluid, charge on to it with a copper 
scoop a mixture of 20 grams of oxide of lead, and i gram of chan- 
coal: when fusion has again become tranquil, pour and detach the 
button of lead. The lead buttons should bo hammerod into discs 
with rounded edges, and be freed from slag; if too big for a cupel 
they may be scorified together in a small scorilier, but it is bettor 
to cupel them separately. 

Ores containing Uetalllo Oxides.—Peroxides of iion, 
manganese, and copper interfere by counteracting the oftbet of the 
charcoal or floiu-, and thus inducing the size of the lead button. 
Peroxide of iron will reduce the weigiit of load by a little more than 
its own weight; and peroxide of manganese has about twice this 
eflect. When these oxides are present an additional quantity of 
flour must be used, and precautions must be taken to prevent re¬ 
oxidation of the-shag by the furnace gases. This may best be pre¬ 
vented by using a layer of common salt as a cover to the charge. 
When the ores contain a good deal of quartz or stony matter, the 
fluxes just given (for average ores) will do; hut the proportion of 
soda should be diminished, and that of the borax, oxide of lead, and 
flour increased as the quantity of metallic oxides become greater. 
If the ore contains practically no quartz, the soda may bo altogether 
omitted, and some glass or powdered quaitz added. The following 
charge may bo taken as an example; weigh up 20 grams of the 
powdered ore, 15 grams each of “ soda” and borax, 60 grams of 
oxide of lead, and 5 grams of flour. Mix and place them in an E 
crucible, and cover with a layer of from a quarter to half an inch- 
of common salt. Place in the furnace as before. The salt will 
give off a considerable amount of fume, which will, to a certain 
. extent, conceal the state of the charge: when the crucible has been 
in the furnace for about 25 minutes remove it and pout out th» 
^ contents immediately. With ores that produce a thick slag the 
addition of 5 grams of fluor spar will be an advantage. It may 
happen that with an unknown ore the first assay will be more or 
legs unsatisfactory ; but from it the necessi^ for adding more or' 
, less flour will be learnt, and a second assay, with the necessary 
modification of the charge, should ^ve a good result. 

■' Ores containing much Sulphides.—Ores of thm class may 
, be easily recognized, either by the appearance orthe minerals they' 

3 ain or by the odour of sulphurous oxide (SO,) whic]^ they^ 
ve; when roasted on a spatula. The sulpbidee most commcefll: 




TEXT-BOOK OE ASSAYINO. 


jii'eseiit, in AdditiAo to llio uulphumed iiiiuerols of silver, itn 
pyiites, galena, blende, and nii.spicl(el. When they are present in 
only a moderate amount, their efl'ect is simply to inci'ease the 
weight of the button of lead; and tliis is easily counteracted by 
reducing the amount of flour, or by omitting it. When in larger 
amounts, they not only yield largo buttons, but also render the 
metal sulphuiy, sometimes even giving a button of regulus instead 
of lead. This last evil may be rcmcdhsl (i) by putting in a rod of 
iron ns soon as the charge hits fused, or (2) it may be counteracted 
by a proper addition of nitre, or (^) when the sulphides prefsent 
aie only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The c.Jcination is effected as followsWeigh up 
JO grama of the powdered ore and place it in a wide-mouthed 
cnicible sufficiently large to perform the subsequent melting down 
in. The roasting must be done at a gentle heat at ffrat, so as to 
avoid clotting : the mouth of the crucible should project consider¬ 
ably above the coke, and should slope forward towards the worker. 
The charge must be occasifoidiy stiirod with the stiTOr (fe. 10) 
so .as to expose fresh surfaces to tho action of (he air, and, fo pie- 
vent adhesion to the sides of the crucible. Tho stirrer should not 
be removed till the calcination is finished. The temperature - 
siiould be raised .at the end to a good rad heat; and (to ensure the 
decomposition of any sulphate that may be formed) the roasted 
ore should lie rubbed up in a mortar with a pinch of anthracite, 
and again calcined. It is then mixed with fluxes as described, and , 
fused in the same crucible. . ' 

Tho calcination of an ore is a work occupying a good deal of 
time, and, in most cases, it is better to take .advantage of the 
desulphurizing power of red lead or nitre. Ked lead by itself 
will do, but a large quantity of it will be required; i part of a 
metallic sulphide needs from 20 to 50 parts of red lead to yield a 
button frae from sulphur; wherms at most from J to 2 j jrarts of 
nitre are sufficient. There is sometimes an advantage in having 
a considerable excess of oxide of lead in the slag, but where there is 
no such reason, 2 parts of red lead to i of ore is enough. A charge 
which will do for mo.st sulphides is the following: 20 grams of 
ore,'^o to too ^mes of red lead, 20 grams of “ soda,” 5' of borax, 
anid sufficient nitre (or perhaps flour) to give o button of about 
25 grams of lead, flow much this must be (if not already known) 
may be approximately determined by fusing 3 grams tff tha'ore 
•and 3 grams of “soda”in a small crucible (C) with 50 giilms of 
litbarge (not red lead) under a cover of salt, and weighing the'rw. 
suiting button of lead. Subtract 3 from the weight of load obtained, 
M)d the differebce multiplied % 1.3 will give the qoantitV i* 
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granu! of nitra required. If the button of 'leadt weighs less thsn 
3 grams flour must be added. If this is not satisfacJtory repeat 
the assay, adding an extra gram of nitre for each 4 grams of lend 
in excess of that required, or i gram of flour for a 12 gram 
deficiency. 

In the method in which iron is used as a de-sulphiirising agent, 
only as much oxide of lead should la' added as will give a button 
of lead of the required size. Rather a large button of lead should 
lie got, and the slag should be stmngly alkaline; if the ore does 
not already carry a large amouqt of sulphur some should be ailded. 
rhe fusion should be jreiformed at a low tompcraturo (similar to 
that for a galena iVvsay), and should be continued for some 
time after it has become tranquil. Take 20 grama of the ore, 
40 grams of “soda,” 40 grams of oxide of load, and 5 or 10 
grama of borax; pku® this mixture in a crucible (with a rod of 
iron, as in the gidena assay), cover, and fuse for about half an 
hour. T.iko nut the rod, washing it in the slag, and, in a minute 
or two, [lour. Clemi and cupel tho button of lead. 

General Bemarks on the Fusion.- (Jtlier things being equal, 
the .smaller tho quautity of the slag the better, provided there is 
sufficient to cover tho metal. The presence of peroxides of the 
heavy metals is prejudicial, since they tend to increase tho quantity 
of eilvei' retained in tho slag. It may be given as a general rule 
that when iron, copper, mangiinase, (fee., are present, there is a more 
than ordinary need for cleaning the slags, and care must be taken 
0 keep these metiils in tlio state of lower oxide. 

In selecting the fluxes, it should bo remembered that soda is 
the best for quiutz, and borax for lime and metallic oxides. And 
that with ores almost free from gangue some quartz or glass 
should be added to protect the crucible. Two parts of soda are 
enough to flux 1 part of quartz ; whilst of borax, or oxide of lead) 
4 parts are barely sufficient. Oxide of lead has the advantage of 
Wng heavy and so does not occupy much space in the crucible; 
on the other hand, it the melting down he performed too quickly, 
or it oxide of lead only is used, this high specific gravity is a dis¬ 
advantage, for the lighter earthy matter floats as a pasty mass on 
the more fluid oxide of lead, and thus e.scapes its action, 

, When metallic sulphides are present in the ore, an excoas of 
oxide of lead helps to keep tho sulphur out of the button of metal, 
t In addition to the oxide of lead required as a flux, some will be 
, required to provide the lead in which the silver is to be collected. 
Oxide of lead, mixed with charcoal or flour, yields, when heated, 
a multitude of minute buttons of metal unifoiwily distributed 
through the mass of the charge; a.s the charge melts down these 
' Tun ^gether and fall to the bottom; this shower of lead coUectj^ 
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the silver more ensjly then a single button at the bottom of tlie 
crucible could do. Only that portion of the oxide of lead which 
remains in the slag can lie considered as a flux ; very often •the 
first indication of an excessive reduction of lead is tho pastiness 
of the slag rendered thick by the withdniwai of the oxide of lead 
which would have kept it fluid. If, in an as.sayi it is found that 
5 parts of flux are not sufliciont for i piirt of ore, the remedy Ees 
in using a difleront flux tiither than in taking a larger quantity. 

On the italuciwj Eject of Vharcoal, Flour, (ml Tarta/r. —The 
wdglit to bo got from a given charge will depend (provided sufli- 
cient oxide of leail is piwsent) upon the proportion of the reducing. 
agents in it. Wo have thought it well to illustrate this part of 
the subject by a series of experiments which tho loaimer will, do 
well to practise for himself before proceeding to the assay of 
actual ores. Take So grams of litharge and 20 grams of a mixture 
of borax and soda. Fuse three lots (i) rvith 1.5 gram of charcoal, 
(2) with 3 grams of fldur, hnd (3) with 7.5 grams of tartar. 
Weigh the buttons of load obtained, ami divide each by the weight 
of reducing agent used. Tljit l esults will differ somewhat with 
the dryness end quality of the flour, etc., used; in one serjes of 
experiments they were as follows :— 

Gram. Uranm. Onam. Orunia. 

1.5 charcoal gave 34.0 lead i charcoal = 22.6 lead. 

3.0 Hour „ 33.5 „ 1 flour = 11.2 „ ' 

7.5 tartar „ 38.0 i tartar = 5.0 „ 

The U.SO of flour as a reducing agent has many advantages, and 
it is well to remem tor tliat i gram of Jour redneee ahomt 11 grama 
of lead; and that charcoal has twice, and tartar one-half, this 
reducing effect. 

On the Reducing Effect of Charcoal, d'C., on Red Lead. —It is often 
easier to obtain red lead of good quality than it is litharge, and 
by a large number of assayers red lead is the form of oxide of 
lead always used. Bed lead, however, contains an excess of 
oxygen which will use'up some of the reducing agent before lead 
separates out On making a series of experiments (similar to the 
last, but using So grams of red load instead of tho litharge) the 
results wore, with the same quantities of the reducing agents:— 

With ohiircual, 18 grams of lead. < 

„ flour, 18 „ n ■ 

* tartar, 22 „ . 

Comparing these with the results with litharge, in the previoiM, 
cable it will be seen that the same quantity of reducing agent 
in each case brotght down 16 grams less of lead, so that a lai^. 
amount of Jibe reducing agent must be added to get a tatton 
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(he same weight ar that obtained with litharge^ To get a button 
of a desired weight, say 22 grams, we must add reducing agent 
sufficient to throw dov u 22 +16 or 38 grams of lead) which would 
require 3.4 grams of flour. If this amount of flour is fused 
with 80 grams of red load, a button of lesid weighing 22 grams 
will bo formed, the other 16 grams being kept up by the oxygen 
of the red load. 

If the quantity of red lead differs from 80 grams, this rale must 
be modified. With 40 grams of rod lead, for examjdi!, we should 
add lilt excess of reducing agent sufficient to throw down 8 grams 
of lend instead of 16. Similarly, with 160 grams of red lead, we 
should add enough to throw down 32 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grama of red lead 
present diminishes the weight of the lead by J gram. If then 
we dimls tlie weight of red lead in‘a cltarge by 5, and add this to 
the weight of lead required, the mm divided by 11 will give the 
weight of flour which must be added. Using 80 grams of red load 
and wanting a button of 20 grams, we should add 3.3 grams of 
flour. 

80 5 = 16; 16 + 20 = 36; 36 + II = 3.3 nearly. 

The following are soma results obtained which will illustrate 


the rule;— 

Red licod aned. 

^lou lued. 

licad got. 

40 grams 

3 grams 

... 25.0 grams 

100 „ ee. 

3 » 

135 » 

80 „ 

4 » 

... 30.0 „ 

80 „ ••• 

5 .. 

... 40.0 


On the Reducing Effect of MetaUic Sulphides, and the Coutiter- 
aiding Effed of Nitre. —The sulphides found in ores will reduce 
t button of lead from oxide of lead just os flour does; and, as. 
charcoal, flour and tartar differ in their reducing power, so equal 
weights of the different mineral sulphides throw down different 
weights of lead. 

One gram of iron pyrites yields about ii grams of lead. One 
gram of copper pyrites, blende, fablers, or mispickel, yields 7 or 
8 grams of lead, whilst i gram of antimonite will give 6, and < 
.1 gram of galena only a little over 3 grams. It is evident that 'f 
an ore carries much of these sulphides, tb^ quantity of lead re . 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added; i gram is added for earn 
grams of lead in excess of that required. For example; with * ^ 
20-gram charge of an ore containing $0 per cenf, of pyrites, if no: 
Jtifn were added, no grams of lead would be got; or, if„thete. 
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was not sufficient «xide of lead to yield this quantity of metal, the 
Dutoon would l)e sulphury. To reduce the weight of the button 
by So granirncs, we should add 20 giums of nitre, if litharge were 
used; or if red lead were used, wo should add 16 gr.am.s of nitre, 
since Vtc oxidisiTiff ejfecl 0/20 fjmms nj red lead is Ci/nimlent to tiuit 
of \ of uilrcy ami since 80 grams of rod lead are generally used in a 
charge. Two as.say.s of an ore of this kind with the.se quantities 
of nitre gawo 26.0 grams of lead with litharge, and 22.5 gi’ama 
with red lead. 

It is best to use in the.se .xssays ?o grams of reil lead, 20 of soda, 
and 5 of borax, with 20 grains of the ore. If the lead got by the 
preliminary fusion in a small crucible with litharge (described 
under “ ares coniamiwj much suljJtidns ”) is knoivn, the following 
table will indicate the quiuitity of nitre, or Hour, to Im added with 
this charge; — 


Lead trut in Freliniinart Kuhidii 

Vloiir to be athicd 

Nitre to be added 

with 3 )cram8 of Or«. 

to the Anui}’. 

to the AflBay. 

0.0 trram 

* 3.3 grams 

none 

3.0 grama 

1.3 gram 

— 

6.0 „ 

uoae 

4.0 grains 

9.0 „ 

— 

9-0 „ 

J 2.0 „ 

— 

14.0 „ 

15.0 » 


19.0 H 

iS.o „ 

— 

24.0 „ 

21.0 „ 


29.0 „ 


If lithiu-ge is u.sod in the a.ssay instead of red le.ad 4 grams more 
nitre, or 1.5 gram less Hour must be u.scd. When more than a 
few grams of nitre are added to a oharge the proportion of “soda" 
and borax should be increased, because one of the products of the 
reaction of nitre upon sulphides in the presence of soda is sulphate 
of soda, and because the “ soda ” thus n-sed up no longer serves as 
a flux; more borax should bo added, as it is the best Hux for the 
metallic oxides which are formed in the proce.s8. If in an as.say 
too large a button of lead i.s got, even after this calculation has 
been made, and the assay is rcjieated, add i gram mure nitre for 
each 4 grains of load in excess. Sometimes the assay appears 
tranqiill before the nitre has pi'oduced its full elTect; in such cases 
it is'well to seize the ciaicible with the tongs and mix its fused con¬ 
tents by rotating them; if this causes an effervescence, the crucible 
should be replaced in the Hre and the fusion continued. The fob 
'Awing experiments will illustrate the extent to which the abovi- 
rules may lie relW on. In all of them the standard flux wee 
need, viz..80 grams of rod lead, 20 of soda, and 5 of borax. 



Pyrite *. 

Quartz. 
Nitro^ . 
Lca(] got 


SILVER 

•■•‘555 

• — 20 — 20 

• - “* 5 5 

• 42.5 .0.0 16.0 19.0 


9? 

2*5 5 ' W »5 ao 

17-5 15 10 5 

— 4 16 28.5 41 

II .5 22.5 225 26.5 27 .C 


Cojipcj' J)frites 
Quait/. . 

Nitre . • 

Lead got • 


8 8 8 8 

— 12 — 12 

■“-•4 4 

47 -S 34 0 33.0 26.0 


AvtimoniU • 
QU4T1.Z . 

Nil re . , 

Luul gut , 

(Jakm , 

Quart/. , 

Niljv . , 

Lead got • 


. 8 

8 

8 

8 



• — 

12 

— 

12 



. — 

26.0 

4 

4 



. 29.0 

'3 0. 

13.0 



• 10 

10 

10 

10 

15 

20 

* — 


— 

«5 

5 

-- 

• — 

— 

3 

.? • 

> 5 

7 

• 17.0 

19.0 

8.0 

8.0 

18.5 



‘ A siiuilar set of experiments, with So grams of litlvxge instead 
?t>f 80 grams of ri“d Icail, gave 

v 

Pj/ritfg . , 

Quartz. . 

Nilru . , 

Le.ad got . 


4 4 4 4 7 10 

— '5 — 15 13 'O 

— —55 12-5 20 

4O 5 ^0.5 25,5 24.5 27.0 26.5 


Copim l‘i/r!ii s 
Quartz. 

Nitre . 
licad got , 


5 5 5 5 

- '5 ” >5 

5 5 

44*5 3 “-S ^30 25.0 


BlenJe. , 

Quartz. , 

Nitre . , 
Lead got . 


• 5 5 5 5 to 

. — 15 - 15 10 

■ ~ ~ 5 5 15 

• 41-5 38.5 ti-S 22.5 216 


Aniimmite , . 5 

’ Qaartz. , , ~ 

T^ltre . . . _ 

^Leadgot , .31.0 


'■OiCena • , 10 

Quartz. . • — 

Nitee 

; Lead got . ■ . 33,5 

* . 


5 

5 

5 

■0 


ts 

— 

15 

10 


— 

5 

5 

10 


32.5 

"•5 

12.5 

18.7 


10 

10 

10 

IS 

SO 

*5 

— 

'5 

5 


— 

5 

5 

7.5 

II 

33-5 

13*0 

i (0 

19 .S 

22.7 
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The variation in some of these experiments, in which we might 
have expected eirriil.ir results, is due to the fact that the sulphur, 
and in some ciisos the metals, are capable of two degrees of tgtida- 
tion. Tor example: theoretically i gram of iron pyrites (FeS,) 
would yield (i.b grams of lead if the sulphur wore oxidLsod to Sul¬ 
phurous oxide (SO,), and the iron to ferrous oxide (FeO); whilst 
it the sulphur wore oxidised to sulpluite (SO,), and the iron to 
feme oxide, 12.9 grams of Iciid will be thrown down. Similarly 
the yielil with eo]>por pyrites would be 7.5 or 11.6; with blende, 
6.4 or 8.5; with antimonite, 5.5 or 8 ; and with galena, 2,6 or 
3.4, As regards the metals, the Tower oxide will always bo formed 
if tho assay is carried out properly (fused under a cover, and with 
a sufficiency of reducing agent). But tho proportion of sulphur 
oxidised completely will vary with the conditions of the assay. 
With a slag containing much soda tho tendency will be to form 
sulphate, and, in cousefjuenee, a big reduction of lead ; whilst with 
an acid slag cont-ainiug imu-h quartz the tendency will be for the 
sulphur to go off ns suiplmrous oxide (SO,). In a fusion with 
litliargo aloiio all the Kulpb«r will be lihciated its the lower oxide, 
whilst with msich .soda it sWl he wholly couvertcil into sulphate, 
for example; 3 grams of .n, ore ronlaining a good deal of pyrites 
and a little galena, gave, when f'lsed with litharge, 16.5 grams of 
lead. A similar charge, containing in addition 20.0 grams of soda, 
gave 22.5 grams of lead. 

It will he noted from the experiments that i gram of nitre kept 
up on tho average 4 grams of lead ; the range being from 3.2 with 
acid slags to 5.3 with very Ixusic ones. Tho.so facts serve to ex¬ 
plain some apparently iiregular i-esults got in practice. 

CUPELLATIOar. 

The process is as follows:—Tho eufiels, which should have been 
made some time before and stored in a dry place, are first cleaned 
by gentle rubbing with tho tinger and blowing off the loose dust;- 
end then placed in a hot mutllo and heated to redness for from J 
to 10 minutes before the alloy to be ciqiolled is placed on them. 
Tho reasons for thLs are sufficiently obvious: the sudden evolution, 
of jjiuoh steam will blow a cupel to pieces; and, if the whole Of 
the water has not been removed before Uie cupel is .filled wift 
molten lead, the escaping steam will bubble through, and -scattun.' 
about particles of the metal. If some pai tides of unburutearbonv 
remain in the bone ash, a simOiir result vill be produced by tilfii) 
escape of bubbles of carbouic acid as soon as the fused litl^Kf^') 
comestin contact with them. The cupels having been pi!<®a»^i 
aio arranged In a ddiuito order in the muffle, and the 
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tong are arranged in a corrospondiag order on «ome suitable tra} 

(cupel tray, tig. 41); the heat of the muffle being at bright redness. 

The* with the help of the tonga (fig. 42) 

the aaaay buttons should he placed each - 

in its proper cupel; a note luvving been C~~r \ V\ K 

previously m.-nle of Iho position it is to J 

occupy, and the door of the muffle closed. Fio. 41. 

This part of the work should be done 
promjitly, .»■ ns not to unduly cool the muflle : the start requires 
a fairly high temperature, and is a critical part of the process. A 
blajik crust _ 

forms at once .. 

on the sur- . _ 

face of the ™' ^ ' 

load; hut this ought socm to fuse and flow in greasy drops from 
off the time of the uietal, so as to leave the latter fluid with a 
well-tlefiiied outline, .and much brighler than the cupel. If this 
clesriiig does not tako place, the buttons are said to be frozen; in 
which Ciuse the temperature must be raised, some pieces of char¬ 
coal put in the mulfle, and the door closed. If they still do not 
clear, the heat must have been much too low, and it is best to 
reject them and rejjeat the assays. 

When the buttons have cleared it is well to check the draught 
of the fumiuie, and to partly open the door of the muffle, 
so lis to work at as low a temperature as is compatible with 
the continuation of the process.* Too low a temperature is indi¬ 
cated by the freezing of the buttons and the consequent spoiling 
of the assays. Experience soon enables one to judge when the 
heat is getting too low. A commoner error is to have the heat 
too high; it should be remembered that that which was high 
enough to clear the buttons at starting is more than sufficient to 
keep the process going. At the finish a higher temperature is 
again required : therefore the door of the muflle should be closed 
and the furnace urged. The finish is easily recognised. The 
drops of litharge which in the earlier stages flow steadily from 
the surface of the alloy, thin off later to a luminous film. At 
,;>hq end this film appears in commotion, then presents a brilliant 
^ flay of colours, and, with a sudden extinction, the operation is 
'.nqished. The metal again glows for an instant whilst becoming 
|Mlid. 

. If the button is a small one the cupel is withdrawn at once 
placed on that square of the cupel tray which r-Erresponds to 


IRtb buttons poor in silver the lowering of the tewperatnr* af this 
not a matter of importance. 
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the position it oooupied in the niuflle. If, hoiveYcr. it is fairly 
krge precautions must be taken to prevent spirting. 

Molten silver dissolves oxygen from the air and gives it off on 
solidifying; the escape of the gas on sudden cooling is violent 
and, by throwing off particles of the metal, may cause loss. This 
is colled “ vegetation ” or “ .spirting.” The silver is apparently 
solid when spirting takes place; the crust breaks suddenly and 
some of the metal is forced out. The evil is best guarded against 
by slow cooling and avoiding draughl*. With largo buttons of 
silver precautions sliould never b^ omitted. One plan Is to allow 
the cupels to cool in the mudlo itself, the mouth being closed 
with hot charcoal. Another is to cover the cupel with another 
cupel previously heated to redness; in this c&se the silver cools 
between two hot cupels, and, of course, cools slowly. A third 
plan is to withdraw the cupel to the door of the muiUe, holding 
it until it begins to got solid and then immediately to put iii 
back into the hotter part of the muffle. 

Silver remains after cupeliatiou in Battened elliptical buttons, 
adhering but only slightly to the cupel. Its upper surface 
should show faint markingff as if it wore crystalline. The pre¬ 
sence of platinum renders it still more crystalline, but refnoves 
the characteristic lustre and rendei-s the metal dull and grey. 
Copper, if not completely removed, has a very marked effect on 
the appearance of the button: the metal is spread out, damping, 
as it were, and firmly adhering to the cupel, which Latter in the 
neighbourhood of the metal is almost black with oxide of copper. 
Sometimes the silver button is glob'dar, or even more sharply 
rounded on its under than on its upper surface; it is said that 
this is due to the presence of lead. Cold may be present even to 
the extent of 50 per cent, without showing any yellow colour. 

The appearance of the cupel affords some useful information. 
The presence of cracks evidently due to shrinkage indicates a 
badly made cupel. If, however, they are accompanied by a 
peculiar unfolding of the cupel, the margin losing its distinct¬ 
ness, it is because of the presence of antimony. When lead is 
the only easily oxidisable metal present, the stained portion of 
cupel is yellow when cold. A greenish tint may be due to small 
quai^tities of copper or, {lerhaps, nickel, cob^t, or platinum. 
Larger quantities of copper give a greenish grey or almost black 
colour. A dark green and corroded cupel may be due to iron, 
Bings of pale-coloured scoria may be due to tin, anc, antimony, 
or arsenic. When the cupel shows signs of the presence of theaa 
metols in objer'tionable quantity, it is well to repeat the asMy 
and scorify so as to remove them before cupellation. 

The butt;pn sliould be detached from the cold cupel by %eizityt 
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with a i>air of pKi *-s: the unJur aurfaoe shou.U be distorted by 
squeezing or hammering the button so as to loosen the adhering 
bond ash. The cleaning is easily completed by rubbing with a 
clean hard brush. After cleaning the buttons are best put on a 
tray of marked watch-glaases, and then taken to the balance and 
weighed. Tlic weight of silver got needs a small correction; 
(i) by deducting for the amount of silver introduced by the 
lead or oxide of lead used in the assay; * and (2) by adding for 
the eupellation loss. 

Loss in Cupellation.—During the whole proce-ss of cupellinj; 
a silver lead alloy a more or less abundant fume may be observed 
rising from the cupel. This furnishes an evident loss of lead and 
a possible loss of silver; for although silver at the tempeiature of 
cupellation gives oil’ no appreciable vapour, it is known that such 
fume formed on a large scale contains silver. It is, however, 
difficult to believe that the small amount of lead vapourised 
carries with it a weighable amount of silver. That it does not 
do so in the ordinary way of working is shown by the fact that a 
button of silver equal in weight to the silver lost in cupelling 
may be got by smelting the cupel and cupelling the resulting 
button of lead. The loss of silver by volatilisation is altogether 
inconsiderable, unless the temperature at which the operation is 
performed is much too high. 

Another possible source of loss is the infiltration of smaU 
particles of alloy into the cupel. The cupel is necessarily porous, 
and particles of metal may perhaps drain into it, more especially 
if the bone ash is not in line powder; but if this is the main 
source of loss it is Lard to see why, in cupelling equal weights of 
silver and gold, the loss is not equal in each case. It is not easy 
to believe that the mere filtration of the fused alloy will effect 
such a change in the proportion of the metals^ as that which 
actually oeciu-s. For example; a cupel on which an alloy con¬ 
sisting of 0.80 gram of silver, 0.47 gram of gold, and 25 grams of 
l^d had been cupelled, was found to contain 7J milligrams of 
silver, and rather less than half a milligram of gold. Assuming, 
for the sake of argument, that the gold present had filtered into 
the cupel in the form of small drops of tdloy, it would have been 
accompanied by less than a milligram of silver, and the presence 
of the extra 6 or 7 milligrams of silver mast have been due to a 
d^erent cause. There can, thus, be little doubt that the cause 
of the greater part of the “ cupellation loss ” is a chemical one and 
cannot be counteracted by a mechanical contrivance.'^ In cupel- 

* 100 grams of the lead, or of its oxide, will oontafn from 1.5 to a;( 
■ffiligrams. ' 

. t Still the precautioas of having cupels well made from bone ash iB fine 
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lation, then, there ix a loas, apart from iioporfect working, in¬ 
herent in the process itself; and as the amount of this loss Times 
under different conditions, it is necessary to study it somefrhat 
in detail. 

The following experiments are taken without selection from 
the woi'k of one student. Three experiments were made for each 
determination, and the mean result is given. By “range” is 
meant the difference between the highest and low^ result and 
the percentage loss is calculated on the silver present. The silver 
added in the lead used has been deducted. 

Effect of Varying Lead.—In each experiment 0.4 gram of 
silver w-os taken and cupelled with the lead. The silver loss and 
“ range ” are expressed in milligrpms. 


Lend Used. 

Silver Lofft. 

naof^. ^ 

Percentage Lost. 

Gromi. 

10 

8-5' 

I.O 

1.62 

20 

7,0 

I.O 

'■75 

40 

12.0 

"•5 

3.00 

60 

IJ .7 ^ 

. 

1-17 


The loss increases with the lead used. 

Effect of Varying Temperature.—0.4 gram of silver was 
cupelled with 20 grams of lead. 

ToinpnraJure. Silver Lost. Kanjre. rerecntagc Lo». 

Bright red . . 7.0 ... t.o ... 1.75 

Clear jellow . . t7.3 ... t.7 ... 4.32 

The difference in temperatnr-e in these experiments was much 
greater than would occur even with careless work. 

Effect of Varying Silver.—20 grams of lead were irsed in each 
cupellation. 


Silver Takes. 

Silver Lost 

Kange. 

Percentage Lom. 

lUlUgranu, 



5-6 

12.S 

0.7 

ai 

25-0 

1.4 

0.1 

5.6 

50.0 

1.6 

0.4 

3-2 

^ 100.0 

2.9 

0.3 

2.9. 

200.0 

S-6 

0.5 

4.8 

4oao 

7.0 

I.O 


Soao 

' 97 

1.0 

HhhHI 


' It will be seen that, although the quantity of silver 

powder, and of working the cnpellation at as low a te’-nerature as posslfjtk j 
are vgty propw on^s, provided they are not carried to an absurd exceasv* 













cresses with the riiver present, the percentage loss is greeter on 
the smaller buttons. * 

The foUoOTng rosulb- ore often qnoted:—Cupelling i grain of 
silver with lo grains of lend, tbolos.s was 1.22 pereent.; lograins 
of silver with 100 grains of lead, lass 1.13 per (suit.; 25 grains of 
silver cupelled wit)> 250 grains of lead, lost i.c/ per cent. The 
proportion of silver to lead was the same in the three experiments, 
and the larges*^ button gave the best result. E\-idently, if the 
qtumtities ' f lead liad been the same in the three (.xporiments 
(say, 250 gin,ins in each case), the loss on the smaller quantities 
of silver would appear worse in the comparison. 

In judging these results, it must bo borne in mind that it is 
difScult to rcgulate the temperature, ito., in consecutive experi¬ 
ments so as to get exactly similar i-p.sults, so that the range in 
consecutive cupellations is greater than that in a batch cupelled 
side by side. 

Effect of Copper and Antimony.—o.i gram of silver was 
cupelled with 20 grams of lead, and to one batch 0.5 gram of 
antimony, and to another 0.5 gram of copper was added. 



Silver Loit 

KAniro. 

Lofia In 
Ptircontiji^e. 

Without addition 

• . 2.9 

0,3 

... 2.9 

With antimony , 

. a 3*2 

0.2 

... 3.2 

With cupiicr • 

. a 4-9 

1.7 

4.9 


^ Perhaps the antimony hrus so small an ofTcct because it is 
eliminated in the earlier part of the proce.ss, wliilo the silver is 
still alloyed with, and protected by, a large proportion of lead; 
whilst the copper on the other hand makes its fiercest attack 
towards the close, when the silver is least capable of resisting it. 
The ill effects of copper are mast strongly felt when the quantity 
of lead present is not sufficient to remove it: the coppery button 
of silver got under these conditions is very cdnsiderably less than 
the weight of silver originally taken. 

Although the above is a fair statement of the loss attending 
average work, it will not do in very important and exact work to 
place too much reliance on the figures given, or, indeed, on any 
other set of figures, with the object of correcting the result of an 
assay. Each man must roly on his own work. 

- It is easy to determine what allowance must be made for the 
loss in cupellation by cupelling side by side with the assay piece 
jm-alloy of similar and kiwtm composition. " For, if the two pieces 
are veiy nearly alike, we may justly conclude that the loss on each 
.will be the same; and if, further, we take the average of three ot 
four such determinations we shall got results wBurate within o.i 
pw cent. The method of getting such results may be b^t ex- 
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plained by one or two iiln.-tratioiiii. This method of working i» 
termed “ii.ssayiug'uy clitcks.” 

Suppose we liiu e an alloy of silver and lead in unknown pi’(^op' 
tions and that by cupelling two lots of lo grams each there is got 
from I. 0.1226 gmm of silver, and from If. 0.1229 gram. We 
should know from geneial e.vporience that the actual quantity 
of silver present was from 2 to 4 milligriim.s more than this. To 
determine more exactly what the loss is, the following plan Is re¬ 
commended :—The two silver buttons are wnipped up each in to 
grams of lead, and cupelled side by side with two other lots of-10 
grams of the original alloy. If how the two buttons I. and II. 
weigh o.t202 and 0.1203, they will have suffered in this second 
cujiellation an averiige loss of 2.5 milligrams. Suppose the two 
fresh lots of alloy gave 0.1233 aiid 0.1235 silver, tho average 
loss on those would also bo 2.5 milligrams. Add this loss to each 
result, and take the me.an ; which is in this case 0.1259. 

if copper is piesent in-the-alloy as well a.s .silver, it is nceessivry 
tc add about the same (juaiitity of copper to the checks as is sup¬ 
posed, or known, to he ja csent in tho as-sap. If tho substance to 
be assayed is an alloy of silver and copper, iir,st cupel 0.5 gram of 
it, with, say, 10 grams of lead, and W'cigh the resulting button of 
silver, in order to get .an appro.vimate knowledge of its composi¬ 
tion. Suppose the button weighs 0.3935 gram. We know that 
this is below the truth: fur the sake of round numbers take it ns 
0.4, and iussiime that the rest of tho alloy (o.i gram) was copper. 
Two check pieces are then weighed out, each containing 0.4 gram 
silver and 0.1 gram of copper wrapped in 5 grams of lead. Of 
course the silver must be pure. And there is also w eighed out two 
(or hotter, four) assay plows each containing half a gram of the 
alloy wrapped in 5 grAms of lead. The whole lot are then 
cupelled as nearly as possible under the same conditions. With 
four assay pieces, the cupels should be placed close together in two 
rows of three across the muflle; tho two check pieces are put in 
the middle cupels. Suppose the buttons of silver got weighed m 
follows:— 

Check pieces I. 0.3940 II. 0.3945 

Assay pieces I. 0.3905 II. 0.3912 

III. 0.3910 IV. 0.3909 

The average loss op the two cheek pieces is 5.7 milligrams, end 
the average lesnlt of the four assay pieces is 0.3909. Add the 
average loss to the average result, and there is got the corrected 
result, 0.3966. ^And if 0.5 gram of alloy contain 0.3966 of silver, 
1000 will contain 793.2 of silver, and this is the degree of finenCM 

A porrec^ion for the loss in cupeUation is always made in this' 
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wny when rich alloys si's being assnyeil; and jn the case of rich 
ores it may bo done after the maimer of the iirst of the above 
illustrations. There ij another method of working which relies 
more on experiment. This is to smelt the cupel as described 
further on (p. 114),and to again cupel the resubii gbiitton of lead. 
J'lie button of silver got in this second cupellatiuu is added to that 
first obtained. Jt will simietiiiies, but not often, happen that 
the two Imtt.ns together will slightly exceed in .vcight the 
silver wliiel. was .actually present. 'J'his is because of the retention 
in the buttons of a small quantity of load. It has been stated 
that the proportion of load thus retiiinod may be os much as i % 
of the silver present; this, however, can only be under exceptional 
conditions. A detorininaf ion of the actual silver in the buttons 
got in the series of cupellations quoted on pages 102, 103, gave 
an average percentage of 99.85, so that even with the larger 
buttons tho cHect of tlie relained le.ad would be only to increase 
the weight by about i milligram. *Jn tbe method of working 
with checks, the retained load lia-s no disturbing iiiUiiouce. 

The proportion of lead required for the cupellation of any 
jarticular alloy requires consideration. With too much lead the 
■time occupied in the process is increased, and so is the loss of 
silver; on the other hand, too little lead is of greater disadvantage 
than too much. From 8 to 16 parts of lead are required for each 
part of silver alloy, or, if gold is present, about twice as much as 
ibis must be u.sed. For the cupellation of i gram of a silver 
copper alloy containing difterent percentages of copper, thefoUow- 
ing quantities of load should bo used :— 


Percentafre or Copper 
in Alloy. 


Lead Rcfiolrad. 

5 


... 6 grams 

10 .M 


... 8 „ 

20 ••• 


... 10 „ 

30 


... 12 

tfO ese 


... 14 »» 

$0~100 »a. 


... I6>1$ M 


Tho alloy, in not too large pieces, is wrapped in the required 
weight of lead foil and charged into the cupel at once; or the 
lend may be put in first, and, when the cupellation has fairly 
staited, the alloy may be added wrapped in tissue paper; or a 
portion of the lead may bo first started and the alloy wrap^ 
in the remaining load and subsequently odded. The cupelhition 
of laige quantities of alloy or of alloys which contain tin, anti- 
mony, iron, or any substance which produces st scoria, or cor¬ 
rodes the cupel, must be preceded by a scorification. The 
advantages of this are that the slag is poorer in precious metal 
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than that found,on a cupel and ia more easily collected and 
cleaned; tliat larger quantities of metal can ho treated, and that, 
even if the substance is in jiart infusible, or produces at thelstart’ 
a clinliery mass or scoria, the oxido of lead giwlually accumu¬ 
lates, Ihixes the solid matters, and produces a good dual result; 
Wt if the oxide of load by itself is not sulhcieiit for the purpose, 
borax or some other flux can be easily added. 

If the J)utton of silver got is veiy small its weight may be 
ostimaled from its size; but it must bo remembered that the 
weight varies as the cube of the diameter. If one button has 
twice the diameter of anolhor it is eight times as hejivy and so 
on. Scales specially constructed for mcasuriiig silver and gold 
buttons may bo purchased; but,it is much better to make the 
moiisuromout with the help of a microscope provided nith .an eye¬ 
piece micrometer. 

If the length of the long diameter of a silver button be taken 
the following table will' gi\'e the corresponding weight in milli¬ 
grams :— 


Diameter. 

AVfiirJitr 

DiiMiu‘1 

Wciifht. 

0.04 inch 

3-6 

0,015 

0.T9 

0.0J5 

2.4 

0.014 „ 

0.15 

O-OJ „ 

1.5 0.013 „ 

0.12 

0.025 .. 

0.9 

0.0f2 

0.097 

0.02 „ 

0.45 

0.011 „ 

0.075 

0.019 n 

0.4 

O.DIO „ 

0.056 

0.018 „ 

0-33 

0.008 „ 

0.028 

0.017 »• 

0.27 

uOo6 „ 

0.012 

0.016 „ 

0.23 

0.004 « 

0.004 


The weight of a corresponding button of gold is got by multi¬ 
plying by 2.25. These figures are based on those given by . 
Plattner, and apply only to buttons of such shape as those left 
after enpellation. A sphere of silver 0.01 inch in diameter would 
weigh 0.09 milligram, and a similar sphere of gold weighs 0.167 . 
milligram. 

It is safer, however, to compare with a micrometer the diameter ' 
of the button who.se weight ha&.to be determined with that of a 
Standard button of nearly equal size whose weight is known.V 
The weights of the two buttons are pi'oportioual to the cubes ^ 
their diameters. This plan of working is described more fullj 
in Appendix B., page 440. . .“s 

Cfdottlation of the Besults.—Alter deducting fdr 
silver added, apd correcting for the eupollntion loss, the citlmhL .'4 
tion is made in the usual way; reporting as so many parts 
thousand sn the ca^ of rich ^oys and as so many' 
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pennyweights, or better as ounces and dccinijils of an ounce, in 
tlie case of jioor alloys and ores. 

I« this last case, ho v .'ver, it is less fatiguing to refer to a set 
of tables which give, either directly or by means of simide addi¬ 
tion, the produce corresponding to any weight obtained from 
certain given weights of the substance. Tlje following table 
gives the produee in ounces and decimals of an ounce per ton of 
2240 pounds: — 


Weight of 
Mew got. 

j Weight of Oro taken. 

3 grains. 

i, grams. 

90 grama. 

so grams. 

100 grama. 

0.0001 

1.09 

0.6s 

0.16 

0.06 

c 03 

0.0002 

2.18 

•-34 

0-33 

0.13 

06 

aooo3 

327 

1.96 

0.49 

0.20 

. 10 

0.0004 

4-36 

2.61 

0.65 

0,26 

0.13 

0.0005 

5-44 

3-27 

0.S2 

0.33 

C.16 

0.0006 

6-53 

3-92 

. 0.98 

0.39 

0.19 

0.0007 

7.62 

4-57 

1.14 

0.46 

0.23 

o.ooolj. 

8.7t 

5-23 

•• 3 ^ 

0.52 

0.26 

0.0009 

9.80 

5.88 

1.47 


0.29 

o.oor 

10.89 

6.53 

••63 

0.65 

0.33 


21.78 

• 3-07 

3-27 

•- 3 I 

0.6s 


32-67 

19.60 

4-90 

1.96 

0.98 


4.3.56 

26.13 

6-53 

2.GI 

1.31 

0.005 

54.44 

32.67 

8.17 

3.27 

1.63 

o.ooi) 

65-33 

39-20 

9.80 

3-93 

1.96 


76.22 

45.73 

• •-43 

4-57 

2.29 


87.11 


•3-07 

523 

2.61' 


98.00 

58.80 

•4.70 

5-88 

2.94 

O.OI 

10S.89 

65.33 

• 6-33 

6.53 

3-37 

0.02 

217.78 

130-67 

32.67 

13.07 

S3 

ao3 

326.67 

196.00 

49.00 

19.60 

9.80 

0.04 

435-56 

261.33 

65-33 

26.13 

1.3.07 

0.05 

544-44 

326.67 

81.67 

32.67 

•6,33 

0.06 

653-33 

392.00 

98,00 

39.20 

19.6a 

0.07 

762.22 

457-33 

•• 4-33 

45-73 

22.87 

0.08 

871.11 

522.67 

•30.67 

52.27 

26.13 

0.09 



147.00 

, 58.80 

29.40 

o.t 

1088.89 

653-33 

•63.33 

65-33 

32-67 

0.2 

2177-78 

1306.67 

326.67 

130.67 

63.33 

. 0-3 

3266.67 


49aoo 

196.00 


. 0*4 

4355-56 

2613.33 



•30,67 

0-5 

5444-44 

3266.67 

816.67 

326.67 

•63-33 

0.6 

6533-33 


980.00 

392.00 

196.00 

0.7 ■ 

7622.22 

4573-33 

'•43-33 

457-33 

228.67 - 

, 0.8 

8711.11 

•5226.67 

1306.67 

522.67 

261.33 

• a 9 

9^.00 

5880.00 

1470.00 

588.00 


1.0 

10888.89 

6533-33 

1633.33 

653.33 

326.67 


When, as in this table, the traction of an ounceSs expressed by 
(ijvo {daces of deciinal8,''it may be reduced to pennvwaights (di^.) 
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by dividing by 5. For example ->.40 of an ounce ie R dwta. Tlie 
fraction of a dwB. similariy expressed may bo converted into 
grains with sniBcient exactness by dividing by 4. Thus, i.dj ozs. 
^ual 1 oz. 12.60 dwts., or i oz. 12 dwta. 15 graiii.s. In England 
it is usual to report in ounces and decimals of an ounce. 

The way to use the table is Isjst shown by an example. Sup- 
po,se a button of silver weighing 0.0435 gram was obtained from 
20 gi’inns of ore. Look down the 2o-griira column of the table, 
and .select the values corre.sponding to each figure of the weight,; 
thus:— 

0.04 =: 65.^3 ozs. to the ton 

0.003 — 4*90 

0.0005 = 0.82 „ 

00435 = 7>*05 i> 

Add these together. The produce is 71.05 ozs., or 71 ozs. i dwt. 
to the ton. • 

Or, suppose an ore is known to contain 1.24 per cent, of silver. 
Look down the loo-gram colpnii,select the values,and add them 
together as before. 

i.o = 326.67 ozs. pet tea 

0.2 =: 65.33 *. 

0.04 = 13.07 

1.24 = 405.07 „ 

This gives 405 ozs. t dwt. 10 grains to the ton. 

The calculation becomes more complicated when, as is fre¬ 
quently the case, the ore contains metallic particles. These show 
themselves by refusing to psvss through the sieve when the ore is 
powdered. When they are present, a large portion, or if feasible 
the whole, of the sample is powdered and sifted. The weights of 
the sifted portion .and of the “ metallics,” or prills, are taken; the 
sum qf these weights gives that of the whole of the sample taken. 
It is vfery important that nothing be lost during the operation of 
powdering. 

Each portion has to be assayed separately. It is usual to assay 
a portion of the sifted sample, say, zo or 50 grams, and to add to 

the produce of this its snare of the “ metallics.” This way of, 

calculating, which is more convenient than correct, is iilusirated 
by the following example: — 

Weight of whole sample .... 400 grams 
Made up of sifted portions . , « ,. _ 

, t "MetaUios” . . . , i . 


*00 
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Twenty grama of the sifted portion, when assayed, gare 0.1050 
gram of silver. Tl.e whole of the “metallics ’ scorified and 
cupelled gave 0.842 grui' of silver. Since the 20 grams assayed 
was i-2oth of the whole, i-2oth part of the 0.842 gram of silver 
(from the metallics) mUiSt be added to its produce. We thus 
get 0.1471 gram (0.1050+ 0.0421). 

Referring to the 20 gram column, we get— 


0.1 

= 

163-33 

0.04 

3 S 

65-33 

0.007 

5 = 

11-43 

0 .O 0 O 2 

=• 

0.16 

O.I47I 


240.25 ounces per ton. 


A more legitimate method of calculation is as follows:—Calcu¬ 
late separately the produce of each fraction as if they were from 
different ores. Multiply each produce (best stated in per cents.) 
by the weight of the corresponding Auction. Add together the 
products, and divide by the weight of the whole sample. Taking 
the same example for illustration, we have;— 

MetaUia .— Weight i gram. 

I gram of it yielded 0.842 grams of silver. 

.’. Produce = 84.2 per cent. 

Produce multiplied by the weight is still 84 . 2 . 

Siftal Portion .—Weight 399 grams. 

20 grams of it yielded 0.105 gram of silver. 

.•. Produce = 0.525 per cent. 

Produce multiplied by wciglit (0.525 x 399) is 208 . 476 . 

Add together; and divide by 400, the weight of the whole sample— 
84.2 

209.475 


400) 293.67s (0.7342 

0.7342 is the total produce of the ore in per cents. 

Referring to tiie lOO-gram colomn in the table wo find 239.84 ounces M ' 
the ton as the produce. 

0.7 s 22S.67 

0.03 = 9.80 

0.004 = 1.31 

0.0002 s 0.06 


239.84 

Comparing this with the result calculated by the first method— 
viz., 240.26, we see that that was 0.38 oz., or between 7 and 8 
dwts. too h%h. 

With ores containing “metallics” it is of great .importance to 
powder the whole of the selected sample without loss during the 
process; and of even greater importance to well mix the sifted 
portion, of which the last portions to come through the siev4 are 
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apt to be more ordiiiai'ily rich through the grinding down of 
'some portions of niolnllic prills. 

Eemarks on Ci'poUation.—Cupeilation is at onc e the nqittest 
and the most impoilant of the dry methods of assaying. Its 
purpose is to reniov<> easily oxidisable metals, such as lead and 
copper, from silver and gold, which are oxidiaible with difSculty. 
Metals of the first class are often spoken of as hose, and gold and 
silver as noble metals. 

■When lead is expo.sed to the action of air at a toiaperaturei a 
little above redness, it combines with the oxygen of tlio air to form 
litharge, an oxide of load, v hich at the temjieratuie of its forma¬ 
tion is a Uguid. Consequently, if the lead rests on a porous 
BUjiport, which allow, the fused litharge to drain away iw fast as 
it is formed, a fresh surface of the lead will be ecmtiimally exposed 
to the action of the air, and the ci|j. ",-at;cin goes on until the whole 
of the lead has been reniovod. 8ilver or gold exposed to similar 
treatment does noi. oxidi' <\ .but retain,-, its luetallie condition; so 
that an alloy of lead and .iivn- similarly treated wonhl yield its 
lead as oxide, which would sink into t’le Siijijiort, while the .‘-liver 
would remain as a button of uotal. 

The porous support, whicu is called a eujel (fig. 5), fl.ould 
absorb tho slag (oxide of le.ad, etc.) jusi as a sponge a isorbs 
water, but must be sufficiently fine-grained to be impervious to the 
molten metal. At first, sight it appears difficult to fiitei, as it 
were, a fluid slag from a fluid metal; but an oi-dinaiy filter-paper 
damped witli oil will allow oils to run ihrough and yet retain the 
water; but damped with water it will allow water to run through 
and retain oils. Similarly, fused slags damp and filter through a 
cupel, but the mollon metel not damping it withdraws itself into 
a button, which is retained. . 4 ithoiigh, of course, if the cupel is 
very coarse-grained the metai may sink into the hollows. 

Copper, antimony, tin, and most other metals, form powdery 
oxides, which are not of themselves easily fusible, and it is neces¬ 
sary when these are present to add some solvent or flux to render 
the oxide sufficiently fluid. Fortunately, oxide of lead is sufficient 
for the purpose; hence, mixed oxides of copper and lead, provided 
the lead is present in proper proportion, form a fluid dag. .In. 
sepaiatiqg cupper from silver or gold, advantage is taken of this 
fast; for, although we cannot cupel an alloy of copper arid silv^, 
it is easy to cupel an alloy of copper, silver and lead. If, hoif-ly 
ever, the lead is not present in sufficient quantity, the wbdoy^ 
.the copper will not be removed, and tbe button of silver, 
taining copper, will be found embedded in a co.ating of black 
of copper. Oo][)per oxidises less easily than lead does; and, , 
seqjjently, J.be alloy wbicb is being cupelled becomes 
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richer in copper as the operation proceeds. It is on this account 
that the ill-effects of the copper make themsclrts felt at the close 
of the operation, and that the oxide of copper is found accumu¬ 
lated around the button of silver. Tin and antimony, on the 
other hand, are more easily oxidised; and the tendency of tbeii 
oxidn to thicken the slag makes itself felt at the commencement:, 
■y the button of alloy once frees itself from the ring or crust of 
■unfused oxide first formed, the cupellation proceeds quietly, and 
leaves a clean button of silver in the centre. Bat in either case, 
the cupellation is imperfect, and should be repeated with a larger 
proportion of lead. An unfused and, consequently; unabsorbed 
slag tends to' retain small buttons of alloy or metal, and thus cause 
serious loss. 

There is a principle underlying many of the phenomena of dry 
silver assaying which the student should endeavour to understand; 
and which serves to emphasise and explain some facts which with¬ 
out an explanation may pesent difficpltios. If a button of melted 
lead he covered with a layer of slag rich in oxide of lead, and a 
second metal be added, this other metal distributes itself between 
metal and slag in proj^rtions wliich depend mainly upon the 
mjie with which it is oxidised, and to a largo extept upon the 
Native quantities of material present, . Easily oxidisable metals 
such as zinc, iron, antimony and tin, will go mainly into the slag, 
and, if the proportion of the slag is large, very little will go into 
the metal. On the other hand, with metals oxidisable with diffi¬ 
culty, such as silver, gold, and platinum, the reverse holds true; 
nearly the whole of the metals will go into the lead, and very little 
into the slag. If, however, the slag be very rich, say in antimony, 
the lead will contain antimony; and, on the other hand, if the 
lead be very rich in silver, the slag will contain silver in apprecia¬ 
ble quantity. Copper, which is near lead in the facility with which 
it is oxidised, WiU serve for the purpose of a detailed example. 
The results of actual analyses of metal and slag formed in contact 
with each other are shown in the following table 


Percentage ComposiUso of the Metal, j 

Percentage ComposiUoti of the Slag. 

' Lead. 

Copper. 

Lead. 

Copper. 

6.8 

93-2 

71-4 

21.4 

20.0 

80.0 

78.0 

17.0 

28.0 

72.0 

80.0 

12.5 


68.0 

86.0 

6.7 

85.0 

15,0 

90.0 

3.6 


It will be seen from this table that the slagsis always much, 
richer in lead and poorer in copper than the metal with which it 
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is in oontact. 
is;— 


The lutio of letwl to copper in these five samples 


IntlirWt'fal, 


In the SloR. 

I : 14 


1 03 

I : 4 

... 

I 0.2 

I : 3.5 

... 

1 0.16 

I : 3 

... 

I ao8 

1 : 0.16 

... 

1 0.04 


Assuming these figures to be correct, the following statement 
is approximately true. On oxidising an alloy of lo grams of 
copper and lo grams of lead, find pouring oiT the slag when 
3 grams of lead have gone into it, there will be a loss of (owing to 
the slag carrying it oil) about 0.2 gram of copj«r. On repeating 
the operation, the next 3 granls of lead will can-y with them 
about 0.5 gram of coi)por; and on again repeating, 3 grams of 
lead will remove 0.8 gram of copper. Finally, the la.st gram of 
lead rvill cany with it 0.3 gram of copper, and there will bo left a 
button of copper weighing 8.3 grams, The slag will have carried 
off altogether 1.7 giam of c^per, which is 17 per cent, of the 
metal originally present. , 

With the more perfect exposure to the air, and quicker removal 
of the'slag, which results from heating on a cupel, the loss would 
be heavier’. Karsten got by actual experiment on cupelling copper 
and lead in equal projKiitioms, a loss of 21.25 per cent. 

Going back to the example: if the slag were collected and 
fused with a suitable reducing .agent so as to convert, say, h.alt of 
it into metal, that half woriid contain nearly the whole of the 
copper (such a reduction is called “cleaning the slag”). On re¬ 
oxidising this metal, another button of copper is formed which, 
added to the first, would reduce the loss from 17 per cent, to, say, 
7 or 8 per cent. And it is conceivable that by a series gf similar 
operations, almost the whole of the 10 grams of copper originally 
taken might be recovered. In practice the problem is (as for as 
the copper is concerned) not how to save, but how most easily to 
remove it; and since the removal of this metal is quicker from an 
alloy containing not too much lead, it is evident that two or three 
operations with small quantities of lead will bo more effectual 
thanm. single treatment with a larger quantity. With those 
metals (tin, antimony, dm.) which pass quickly into the slog, the 
contrary is true; hence with these it is necessary to have enough 
lead present, so that the slag farmed at the outset shall contain 
enough oxide of lead to make it fluid. A;« silver is so muoh less 
easily oxidised than copper, we should reasonably expect that’t^ 
proportion of silver carried off in the oxide of load would be cbii- 
sidepably legs thwa that of the copper indicated in the above 






example. Indeed, i, leee are one oi two facte which tend to en¬ 
courage the hope that the operation may be conducted without 
any less. If a piece of puee silver foil is exposed on a cupel to air 
at the usual temperatuie of oupellation, it undergoes very little 
change; it does not even fuse; it loses nothing in weight, and 
Joe.s not oxidise. In fact, even if oxide of till or wore forn^l 
under those conditions, it could not continue to exist, for it is de¬ 
composed into silver and oxygen at a temperature considerably 
below redness. On the other hand, oxide of silver is n it reduced 
to metal by heat alone, when mixed with an excess of oxide of 
loud; while metallic silver is converted into oxide when heated 
with the liiglier oxides of lead, copper, and some other metols. 
That silver, and.even gold (wliich is more difficult to oxidise than 
silver), may he carried oif in tlietdag in this way, is in agreement 
with gonei-al experience. If lo grams of silver are cupelled with 
10 grams of load, tltcre will be a lo.ss of about 50 milligiams of 
silver, which is in jound numbers s-3olh of the cormsponding 
copper loss; with 10 grams of gold and 10 grama of lead, ilie loss 
will be 4 or 5 milligrams, which is about i-i2lh of the corre¬ 
sponding silver lo.ss. 

Determination of Silver in Assay Lead.—Rcorify 50 grams 
of tlie lead with 0.5 gram of powdci-ed quartz or glass at not too 
high a temperature. When the eye has “closed in,’ pour; I’eject 
the slag, and cupel the button of load. Remove the cupel from 
the mutile immedi.ately the operation is finished. Weigh, and 
make a prominent note of the result in the assa.y hook, as so 
many miligrama of silver contained in 100 gipnis of lead. 

Determination of Silver in Red Lead or Litharge.— 
hkise 100 grams of the oxide with from 10 to 20 grams of borax; 
and in the case of litharge with 2 grams or with red lead 4 grams 
of flour. Cupel the lead, and weigh the button of silver. Note 
the result as in the hist case. 

Determination of Silver in Argentiferous Lead.—Ik 
cqreful in taking the sample, since with rieli silver lead alloys tin 
error from bad sampling may amount to several parts per cent. 
Cupel two lots of 20 grams each, and weigh the buttons of silver. 
Add to these the estimated cupel loss, and calculate the result. Or 
wrap e.sch button of silver in 20 grams of assay load, and re-cupel 
, side by side with two fresh lots of 20 grams each of the alloy. 
! Calculate the loss incurred, and add on to the weight of the two 
fresh buttons got. 

! Determination of Silver in Bullion.—The remarks m^j 
onder the last heading as to the importance of qprrect sampling 
apply with equal force hero. Make a preliminni-y assay by cupel¬ 
ling 0.1 gram of the alloy with i gram of assay lead; (^CHlate 



114 nsT-BooK qjf-AssAvmo,^ 

the percentage composition. Befer to the table on page 105 to 
find what weight Of lead is required for cupelling i gram of allo^. 

Weigh out four lots of i gram each, and wrap them ip tho 
requir^ quantity of leiid. Make two chock pieces by weighing 
up two lots of fine silver equal to that which you believe to ho 

present in the assay pieces; 
add copper to make up the 
weight to I gram, and wrap 
in the same quantity of lead 
a.s was used for the assays. 

Froparo six cupels and 
charge them in tho annexed 
order (fig. 43), and cupel. 
Guard against spirting. 
Clean and weigh the buttons 
of silver. Add the mean 
loss on the two check pieces 
to the moan weight of the four asiuiy pieces; this multiplied by 
1000 will give the degree of fineness. 

Determination of SUver^in Copper.—Tlie silver is best 
separated in the wet way before cupiolling, but if the proportion 
is not too small, it can be found by cupellation. Weigh up 
3 grams of the metal, wrap in 30 grams of sheet lead, and cupel; 
when the cupellation has proceeded for fifteen minutes, add 
20 grams more load, and continue till finished. Weigh the button 
of silver. 

The cupellation loss will be five or six per cent, of the silver pre¬ 
sent. Determine it by powdering the saturated portion of the 
cupel and fusing in a large Oomi-sh crucible with 30 grama each 
of B«ia and borax, 10 grams of fluor spar, and li gram of char¬ 
coal. Cupel the resulting bntton of lead, and add 10 gmms more 
of lead towards the close of the operation. Deduct the weight of 
silver contained in the lead used from the weight of the two 
buttons, and calculate to ounces to the ton. 

In an experiment in which 0.1975 gram of silver was present, 
the weight of the bntton from tiie fot cupelkition was 0.1867, 
and that of the button from the second, after correcting for the 
lead added, was o.oi 10 gram. 

Determination of Silver in Galena. By Pot Asaay.~m 
Mix 20 grams of the powdered ore with 30 raims of red lea^: 
20 grams of soda, and 5 grams of borax, os also with from 7 to 
(o grams of nitre. Fuse and poor. Clean the slag if the oi^'^ 
is rich. Oupel^^the buttons of lead. Make the usual correotimaig 
and cpleulate in ounces to the ton. , -J* ? 

B(/ Si^JuMion ,—Take 10 geams of the ore, 30 grams of 



Fig. 43. 
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•nd o. 5 gram of b’ rax. Scorify, clean the eleg by adding anthra¬ 
cite after the “ eye ” has closed in: cui)el vhe button of lead. 
Weigh the button of silver, make the necessary corrections, and 
calculate to ounces to the ton. 

The dcleimination may also be made by cupelling the button 
of lead got in the dry lead assay. 

A sample of g.alena determined by the three methods gave the 
following results:— 

Ily pot assay . . . 7.18 ozs. per ton. 

„ scorifiealion . . 7.02 „ 

„ lead assay , , .6.72 „ 

Determination of Silver in an Ore. J 3 i/ Pot Asaay,— 

Take 20 gianis of the powdergd ore and mix with 30 grams of. 
soda, 40 grams of red lead, and 5 grams of borax, os ^0 with 
from 2 to 3 grams of flour. Fuse: pour. Clean the slag by 

fusing with 20 grams of red lead and two grams of flour. Cupel 

the buttons of lead; weigh; make the necessary corrections, and 
calculate to ounces to the ton. 

JSy Scorljlcaiim .—Take 5 grams of the powdered ore, 50 grams 
of le.'id, and 0.5 gram of “soda ” or borax. Scorify. Clean the 
slag by fusing in a crucible as in the pot assay. Cupel, kc, 

-Excoiipleli.—Btj Pot Assay .—Ore taken 20 grams. 

Silver got. . . . o.2S93gram 

Silver from slag . . o.oofo „ 

Silver lost iu oupollation . 0.0100 „ 


De<iact silver tn red lead . 


0-30S.1 n 

0.0017 , 


Silver in ore . . . 0.3036 „ s 495.9 ozs. per tea. 

By ScorijUatum .—Ore taken, 3 grams. 

Silver got. , . . 0.0425 gram 

Silver from slag . . 0.0022 „ 

Silver lost in cupcllation . 0.0020 • 


0.0467 * 

Dcdoct silver in lead , 0.0015 it 

Silver in ore . . . 0.0452 „ »492.2 ois. per ton. 

Determination of Silver in Silver Preoipitste.—-This sub¬ 
stance contains, in addition to metallic silver and gold, sulphates 
of lead and lime; oxides of zinc, copper, and iron; and more or 
less organic matter. The sample'as received is generally fras 
from “ water at 100* C.”; and, since it rapidly absorbs water, 
care should be taken in weighing it. 
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Since it contains-ooinbinod water it is not suited for scorify¬ 
ing ; therefore the Scterminotion of silver and gold (fine metal) 
is made by pot assay. Weigh up 5 grams of the precipitate, 
mix with too grams of litharge and i gram of charcoal. Melt 
in a crucible at a moderate heat and pour. Detach the slag, 
replace in the crucible, and, when fused, add a mixture of 
20 grams of litharge and i gram of charcoal. When the fusion 
is again trani|uil, pour; and cupel the two buttons of lead. 

In a sample worked in this manner the mean of four determi¬ 
nations gave o. 6819 gram of “fine meta' deducting t milligram 
for the silver contained in the oxide of lead, and adding 8 milli¬ 
grams for the cupollation loss, there is got 0.6889 g<'nm or 
13.778 per cent of silver (and gold) in the sample. 

Determination of Silver in Burnt Ores. By Pot Assay. 
—Ro.asted cupriferous pyrites containing small quantities of gold 
and silver comes under this heading. The following mixture 
will give a fluid slag which is heavy and tough when cold:— 

0 r«. Borax. Baod. Lilharira. CharcoiL 

100 ... 50 ... .^0 ... 100 ... 7 

Mix; place in a lai’ge crucible; cover with salt; and melt down 
under cover. When fused drop in an iron rod for a few minutes, 
and alx)ut a couple of minutes after its withdrawal, pour the 
charge quickly into a large conical mould. The button of lead 
should weigh about 50 grams. Cupel and weigh the silver. The 
litharge may bo replaced by red lead, in which case another 
gram of chaireoal powder mu.st be added. 

In our experience the results obtained by this method are about 
20 per cent, less than the actual content of the ore. The results 
of two assays, after deducting for the silver in the litharge used, 
were 3.9 and 4.1 milligrams; and a third asaiy, in which 5.4 miUi- 
grams of silver had been added, gave 9.2, which, after deducting 
the added silver, leaves 3.8 milligrams. The average of the three 
results is 3.9 milligrams from the 100 grams of ore. 

Two lots of 100 grams of the same ore ueated in the wet way 
gave 5.2 and 5.0 milligrams of silver. Burnt ores from Spanish 
pyrites carry about 0.005 ^ silver. 

WET METHODS. 

Silver is got into solution from its ores by attacking with 
ttitrio acid, but it is best, after dissolving, to cautiously add dilute 
hydrochloric acid, and to carefully avoid excess. If the quantity 
-of silver is very small the solution is allowed to stand twenty-four 
.hours* but, otlienviic, it is warmed and filtered as soon as it clean 
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Dry tlie rosiilur -'iid concentrate the silver In a button of lead 
by pot method or ecoiriicalion, according to tne amount of gtony 
mtltter present. Cu^fcl the lead, and the resulting button wil 
be free from all metals, except perhaps gold. It may be weighed, 
or dissolved in nitric acid, and the silver determined gravi- 
metrically in the diluted and filtered soluUi.c. It is better to 
weigh thf metal and afterwards to determine the gold in it, esti¬ 
mating the silver by difference. Silver alloys are dissolved in dilute 
nitric acid tfree from chlorides), diluted, and filtere<i. The solu¬ 
tion is then ready for gravimetric deteminatiou. 

Sulphuretted hydrogen precipitates silver (like copper), com¬ 
pletely, even from fairly acid solutions. 


GBAVIMETEIC DETEBMIHATIOW. 

Add dilute hydrochloric acid in small excess to the hot dilute 
solution, which must contain free nitric acid. Heat and stir 
until the solution clears. Decant tlirongh i small filter, and 
wash with hot water, acidulated at first with a little nitric acid 
if bismuth is suspected to be present. Dty quickly, transfer as 
much as possible of the precipitate to a watcbglass; burn and 
ignite the filter paper, treating the ash first with two drops of 
nitric acid and then with one of hydrochloric, and again dry. 
Add the rest of the silver chloride and heat slowly over a Bunsen 
burner until it begins to fuse. Cool and weigh. 

The precipitate is silver chloride (AgCl) and contains 75.27 irer 
cent, of silver. The moist precipitate is heavy and curdy; it is 
decomposed by direct sunlight, becoming violet under its influence. 
When heated it is yellowish; and, since it is volatile at a high 
temperature, it mu^ not, in drying, be heated above its frrsing 
point. The fused chloride can be removed from the crucible 
(to which it adheres strongly) by digesting with dilute acid and 
zinc. 

For the determination of silver in neai-ly pure bullion the fol¬ 
lowing process is used:—^Weigh up 1.5054 gram of the alloy. 
With this amount of alloy each 2 milligrams of silver chloride 
formed is equivalent to i degree of fineness, so that the weight of 
the silver chloride obtained (stated in milligrams and divided by 2) 
will give the degree of fineness. Transfer to a bottle (known as 
“ bottles for the Indian mint assay ’’) e.nd dissolve in 10 c.c. of 
dilate nitric acid, then make up with water to 200 o.c. and odd 
$ o.c. of dilute hydrochloric add. Allow to stand a few minutes 
and then shake. Fill the bottle completely wTth water, allow to 
settle, and syphon off the clear liquid; "our on more^wate(r, 
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sliake gently to break up the and again fill the bottle 

with water. Invert over the mouth of the bottle a porous 
Wedgwood crucible, somewhat similar to those used in gold part¬ 
ing. Take firm hold of the cntcible and bottle, and invert 
promptly so that the silver chlorble may be collected in the 
crucible. Allow to stand a little while for the precipitate to 
settle, and then carefully remove the crucible under water.* 
Drain off most of the water and break up the silver chloride jvith 
the help of a well-rounded gla.s8 rod. This groatly facilitates the 
subsequent drying. Dry first on the water bath and then on the 
iron plate. Remove the dried silver chloride, by inverting the 
crucible, and weigh it. 

As an example, 3 determinations of silver in a coin ciu'ried out 
in this way gave ;— 

(1) i.8i;oo gram AgCl » oa^.o fineness. 

(2) 1.8498 ' s, * 924-9 .. 

{3) 1.8502 „ = 925.1 „ 

Determination of Silver jfin Burnt Ores.—Take 100 giams 
of the ore and place in a Isirge beaker of 2J litres capacity, and 
cover with 375 c.c. of hydrochloric acid. Boil for half an hour 
until the oxides are dissolved and the residue looks liko aand and 
pyrites; then add 20 c.c. of nitric acid, and boil till free from 
nitrous fumes. Dilute to 2 litres with water, and pass a current 
of sulphuretted hydi'ogon till the iron is reduced, the copper 
and silver precipitated, and the liquor smells of the gas. This 
takes about one hour and a half. 

niter off the precipitate (rejecting the solution) and wash with 
warm water. Dry and transfer to an evaporating dish, adding 
the ashes of the filter paper. Heat gently with a Bunsen burner 
until the sulphur burns, and then calcine until no more sul¬ 
phurous oxide comes off. When oold' add 30 c.c. of niti-ie acid, 
boil and dilute to 100 c.c. Add i c.c. of very dilute hydrochloric 
add (t to 100),t stir well, and allow to stand overnight. 
Decant on to a Swedish filter paper, dry and calcine. 

Mix the ashes with 100 grams of • litharge and i gram of 
charcoal, and fuse in a small crucible. Detach the button of lead 
uid cii^L Weigh and make the usual correctiona As an ex-. 
ample, 100 gmms of ore treated in this way gave 5 8 milligrams-, 
of ^ver; deducting 0.8 for the silver added in the oxide of lead^ 
leaves 5 milligrams obtained from the ore. Another experimej|^ 
oh 100 grams of the same ore to which 5 milligrams of silverAgW 

• Becaiefoltommovethecnicible before taking the bottle 
basin q{ water: if tlfis is not done the chioride be washed gpw it. ( 
1*04). of tbli dilate acid will precipitate 8 ot 9 miUigrajBSjlf^vM. 
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been added gave ii.o milligi'aiiis. Deduct^.8 for tlie silver 
added; tliis leaves 5.? milligrams as the silver obtained from 
tbe'oie. These give, as a mean result, 0.0051 per cent., or 
1.66 ounce per ton. 

Determination of Silver in Commere o’ Copper,—For 
the method oi doing tliis, with an Oiani2>Io aim experiment, see 
under the heading of Examination of Commercial Capper. 

VOLDMBTEIO METHODS. 

There are two of these, one adapted for the determination of 
silver in alloys of approximately known composition, and the 
other of more general application. The first of these, generally 
known as “ Ghiy-Lusaac’s ” method is, as regards its woiking, 
perfect in principle; but it requires a practically constant quantity 
of silver, that is, one which varies by a few milligrams only in 
each determination. It is a cohfirmatory method rather than a 
determinative one. The other is known as “ Volliard’s,” mid 
resembles in principle and method an ordinary volumetric pin- . 
cess. 

Gay-Lussac’s method is based on the precipitation of silver 
from a nitric acid solution by a solution of sodium chloride. The 
point at which the whole of the silver is precipitated being recog¬ 
nised by the standard solution ceasing to give a precipitate. The 
process depends for its success upon, (i) the ease which silver 
chloride separates out from the solution leaving it clear after 
shaking, and, {2), the cloudiness produced by the reaction of very 
small quantities of silver nitrate and sodium chloride. In work¬ 
ing, a quantity of the sodium chloride solution equal to t gram . 
of silver is added at once to the assay; and, when the solution 
has been rendered clear by shaldng, the residual silver (which 
should not exceed a few miUigrains) is estimated with the help of 
a weaker solution of sodium chloride. Tlie success in working 
evidently depends upor the accuracy with which the'first addi- 
iion of the salt solution is made. On this account the standard , 
solution is run in from a special pipette capable of delivering a 
; practically invariable volume of solution. It is not so important 
that this shall deliver exactly 100 c.c. as that in two consecutive 
deliveries the volume shall not differ by more than 0.05 c.c. 
The dilute salt solution is one-tenth of the strength of that first 
tun in, and i c.c. of it is equivalent to i milligram of silver.. 
Ordinarily it is run in i c.c. at a time (and an ordinary burette 
may be used for this purpose), shaking between each addition 
mntil it ceases to give a precipitate. If many such additions have 
to be made the operation not only becomes tedious, but thesmlu- 
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tion alao oetiscs to cloar after sliakiug, so that it becomes impoa- 
sible to detormuid the finishing jioint. 

If the assay contains less than one gram of silver the* first 
addition of the dilute salt soluti*in of coui-so produces no precipi¬ 
tate. Five milligrams of silver in solution (r c.c.) is then added, 
and the assfiy proceeded with in the nsiual \\;iy; k milligrams of 
silver Ixang deducted from the .imount found. 

Tliere is required for the ns.say a stnmtJard sohtfuni uf sodium 
ddvride, \dliicb is prepirnd by di.saolving 162 grams of the salt 
(made by ncutinlizing carbo'iate of coda with liydiwldorio acid) 
in water and ililuting to one litrd. 100 c.c. of this is equivalent 
to I gram of silver. 

The weaJrer solution of salt is made by* diluting 100 c.c. of the 
stronger one to one litre. One t.c. of this will equal 1 milligram 
of silver, or o.i c.c. of the .stronger solution. 

A standard sohiiimi of silver eiiuivalent to the dilute salt 
solution is m.ade by dissolviag i gram of tine silver in 10 c.c. of 
dilute nitric acid, and diluting with water to one litre. 

The solution of salt is s^^dardised as follows:—Weigh up 
*•003 Hram of fine silver aiid dissolve in 25 c.c. of dilute uitriiy. 

acid in a bottle piwdded with a well-fitting filSiii' 
headed stopper. Ueat on the water bath to aaiKi 
solution, resting the bottle in an inclined position. 
When dissolved blow out the nitrous fumes with the 
help of a glass tube bent at right an^es. llun in 
from a stoppered pipette (as shown in fig. 44) 100 c.e. 
of the standard s*dt solution, and shako vigorously-,’ 
until the solution clears. Fill an ordinary buratitd' 
with the weaker standard salt solution, and run Ftc. 
into the assay bottle, letting it run down the side so 
that it forms a layer resting on the assay solution. 
If any silver remains in solution a cloudy layer wifi 
be formed at the junction where the two liquids 
meet. This is best observed !\gainst a black back • 
Fio. 44. ground. If a cloudiness is seen, shake, to clear the 
liquid, and run in another c.c. of salt, and continue 
this until a cloudiness is no longer visible. Deduct 1.5 c.c. from 
the amount of the weaker sodium chloride solution run in., 
•Divide the corrected reading by 10,,and add to the 100 cm. 
This will give the volume of strong salt solution equivalent to' 

. the silver taken. 

• If the first addition of the weaker salt solution causes no, 
cloudiness add, S o.e. of the silver solution- from an ordinal- 
pipette, shake, and then ran in the weaker salt solution, wetlchw’ 
as before. IThese 5 milligrams of silver added must bejllsm 
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for before calculating. As an example:—i.vor am of fine 
silver was taken for standardising a solution an.' , c.c. of tbe 
weaker salt solution were run. in. Deducting i ., and dividing 
by 10 gives 0.25 C.C. to be added to the 100 c.c. 

100.25 ■ :: 100 '■ ^ 

X = 1.0075 

which is the stn.niard of the salt solution. 

The method 01 working an as.sn.y may be gathered fioiu the fol¬ 
lowing exampleIn the determination of silver in some bultoiia 
left after evipellation, it w.as at-umed that the.se would contain 
99.5 jier cent, of silver. For tbe assay it w.a8 necessary to take a 
quantity that .should contain a little more than 1.0075 grams of 
silver; then 

99.5 ; 100 :: 1.0075 : x 
a = 1.0125 

To ensure a slight excess, there wa^ taken 1.0150 giam of the 
buttons, which was treated in exactly the same way as for the 
standardising. The quantity of the weaker salt solution required 
was 7 c.c.; deducting 1.5 c.c., and dividing by 10, gives 100.55 c.c. 
of strong salt solution, which is equivalent to 1.0130 gram of 
silver. This being obtained from 1.015 gram of alloy, is equal to 
99.8 per cent., or 998.0 fine. 

The Effect of Temperature.—The standardising and the 
assay must be done at the same time, since a difference of 5° C. 
makes a difference of o.i c.c. in measming the 100 c.c. of strong 
solution of salt. It is always best to piepare a standard with each 
batch of assays. 

SULEHOCYANATB METHOD. — VolhanTs process is 
based upon the precipitation of tilver in nitric acid solutions 
with potassium sulphocyanate, the finishing point being the 
development of a reddish-brown colour, produced by the action 
of the excess of sulphocyanate upon ferric sulphate. The white 
sulphocyanate settles readily, leaving the liquor clear; end a 
persistent brown coloration in the liquid indicates the finish. 
The assay must be carried out in the cold; and water free from 
i^orides* must be used. 

The eUmdard sidphocyamte of potasdwn solution is made 
by dissolving 4^ or 5 grams of the salt (KCyS) in water, and 
diluting to i litre. 100 c.c. are about equivalent to 0.5 gram of 
■ilver. 

• Chlorides Interfere not merely by removing silver as insoluble silver 
chloride, but also by making it diffiohlt to get a goods Snishlng rolnt, 
ovine to tbe silver chloride roDovlng the odov tsom the reddened 
. eolalus. 
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m standard sihfr mtrnU svhtUm is made by dissol vin? 5 prai. i» 
of line silver in 50 c.c. of dUiite nitric acid, boibng oft lU/J'o is 
fumes, anil diluting to i litre. 

Tlio indicatvrls a saturated solution of iron alum, or a solutn n 
of ferric sulphate of equivalent strength made by titrating aeid 
ferrous sulphate with potassium pei uiangauato. Use 2 c.c. tor 

each assay. . »i » • p 

'rhn Bufphoevanate solution is standardised by pla«“p: 5 ° 
the silver nitrate solution in a flask with 20 c.c. of dilute nilrm 
acid, diluting to 100 c.c. with water, and running in the stlpho- 
cyanate until the greater part of the silver i* precipitoteu; then 
adding 2 c.c. of the ferric indicator, and continuing the titrauon 
until a reddish-brown colour is "developed, and remains pennaneni 
after shaking continuously. The assay is rimilarly performed, the ■ 
silver being used in the state of a nitric acid solution. 

The eflect of variations in the conditions of the assay may M 
seen from the following experiments, in which 20 c.c. of standard 
rilver nitrate were used:— 


Effect of Varying Temperature 

Temperature io‘( '. 30° 0. 70 C. 100 C. 

Sulphocyanate reqd. 19.60.0. 19.3 c.c. 19.0 c.c. 18.6 c.c. 

Effect of Varying Nitric AcidVarying nitric acid has 
no efieev, except that with a fairly aeid solution the finishing point 
is somewhat sharper. 

Nitric acid added 50.0. 10 c.c. 20 c.c. 50 c.c. 

Sulphocyanate reqd. 19.6,1.0. 19.50.0. 19.60.0. 19.6 c.c. 


Effect of Varying Bulk :~ 

Bulk 5 ° 0 ®" ®-®' 

Sulphocyanate reqd. 19.5 ^9-6 c.c. 


200 c.c. 300 C.C. 
19.6 C.C. 19.7 CA. 


Effect of Varying Ammonic Nitrate: 

Ammonic nitrate o gram l gram 5 grams 
§ulphocyanate reqd. 19.6 c.c. 19.6 c.c. 19.7 o-o- 


10 pums 
19.9 O.C. 


Effect of Varying Silver 

Silver added i o.c. 10 c.o. 

Sulphocyanate reqd. i.oc.c. 9.7 c.o. 


20 CA • 50 C.C. 100 caS 
19.6 o.c. 49.40.6: 99.0 


This method is valuable for determining silver in salts . a^gg 
And solutioni, where no more than an ordinary degree of aep im^ 
is demanded. - It is easy, and applicable under most of th e 
conditions. Its 'greatest disadvi^ntage is the browBr.eoi^i^ 
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prodnceil by the suliibocynnate wbcn the assay is*nparly, bnt not 
quite, tuislied; anil ihe slowness with which this is removed on 
shaking up with tl:e precipitate. Tliis is worse with large 
quantities of precipitate, and if about i gi'am of silver is piesent, 
it gives an inJofinitpiiess to the llnish which lowers the precision 
of the process to about 1 in 500; this i.s useless for the assays of 
bullion. One writ'-r states that this inconvenience is due to 
portions of liquid, being entangled in the preeipitatd’, Init it 
appears much more likely to be due to the action of the precipitate 
itself. In attempting to apply the procass to the assay of bullion 
by working it on the principle of a Gay-Lu.ssae assay, it was 
found that a very considerable excess of silver was required to 
complete the reaction. In these experiments 100 c.c. of “sulpho- 
cyanate ” (very accurately measured) was nm into the solution 
containing the weighed portion of buHion (fine silver) and, after 
Shaking the solution, was filtered. In the filtrate- the remaining 
silver, if there should be any, was determined by the ordinary 
titration, but with “ sulphocyanate ’’ of one-tenth the strength. 
This final titration was quite satisfiictory. The amount of silver 
precipitated by the first too c.c., however, varied with the 
quantity of sih (r present as in the following series.* 


Silver pre-ent. 
i.i 342 gninL 

I-1375 » 

1.1405 „ 

1.14S4 


Silver precirltated. 
1.1322 gram. 
I-I 335 .. 

1-1351 .. 
1-1379 - 


These, of course, preclude a method of the kind- aimed at, and 
at the same time empliasiso the importance of uniformity of work 
ifi the ordinary process. In the determination of chlorides in sea¬ 
water, Dittmar used a combined method: precipitating the bulk 
.of the'silver as chloride, and after filtering, determining the 
small excess of silver by- rolphocyanate. This modifiqitiou 
answers admirably when applied to the assay of bullion. In the 
^dinary Gay-Lussac method, the precipitation of the bulk of the 
%ljrer by the 100 c.c. of salt solution leaves nothing to be desired, 
i&lier' as to ease in working or accuracy of result; the silver 
rwp'tate settles quickly, and leaves a clear liquor ■ admirably 
' for the determination of the few milligrams of silver 
fining in solution. Bnt the method of determining this 
dual silver by adding successive small quantities of salt so 
pas they continue to give a precipitate is unsatisfactory, and. 

These results were obtained when using ammonium sulphooyanat% 
sSahOt be explained by the presence ot such impurities as oblorldes, Sio. 
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judged on its oivu merits apart from the rost of the process, could 
hardly escaipe condemnation. It is clumsy in practice, for the 
continued adding of small portions of salt solution is IShorious 
and becomes impossible with more than a few milligrams of silver 
in solution. The proposed modification is simple; having 
precipitated the silver with the loo c.o. of salt solution, as 
described under Gay-Lussac’s method (page iso), shake till the 
liquor clears, and filter into a fiask, washing with a little distilled 
water. Add 2 c.c. of “ ferric indicator " to the filtrate and titrate 
with a standard “ sulphocyauate solution " made by diluting the 
ordinary standard solution to such an extent that 100 c.c. after 
diluting shall be equivalent to o. i gram of silver.* Ciilculate the 
weight of silver found by ‘(sulphocyauate ” and add it to the 
weight which 100 c.c. of the salt solution will precipitate. 

An advantage of this modification is that an excess of 15 
milligrams may be determined as easily and exactly as 5. In 
standardising the salt solution, then, weigh up, say 1.0150 gram 
of pure silver, dissolve and titrate. Suppasc 13,5 c.c. of “ sulpho- 
cyanate” required; then these are equivalent to .0135 gram of 
silver, (100 c.c. = .i); the sUver precipitated by the salt is 1.0150 
- .0135—f.e., 1.0015 gram, which is the standard. 

Application of the Hethod to Assays for Arsenic.—If 
silver nitrate be added to a neutral solution of an arsenate of one 
of the alkali metals, silver arsenate (Ag.,AsO,), is thrown down 
os a dark-red precipitate. If, after adding excess of silver nitrate 
to insure a complete precipitation, the arsenate of silver be 
filtered off, the weight of the arsenic could be estimated from the 
weight of silver arsenate formed. But this may be done much 
more conveniently by dissolving the precipitate in nitric acid, and 
titrating with sulphocyanate; the silver found will be to the 
arsenic present as 324 (108 x 3) is to 75. 

The miiveral is brat treated by the method given in the third 
paragraph on page 382; but the solution, after being acidified 
with nitric acid, should be made exactly neutral with ammonia. 
A small excess of silver nitrate should then be added, and since 
acid is liberated in the reaction, the liquor must again be ‘ 
neutralised.t The precipitate must then be filtered off, and 
washed with distilled water. Then dissolve it in the paper by. 
slowly running over it 20 c.c. of dilute nitric acid. Wai^ .tbe 
filter with distilled w<ater, collecting with the filtrate in a sinlUl ; 
fiask. Add 2 C.C. of “ ferric indicator ’’ and titrate. ,, >. 

* Multipl; the ttmdard by 1000, and dilate icQi’o.e. of the staodalAl 
'eolation to the resalting number of 0.0. Thaa.^lh a eolation bt..^ 
etandard .495, dilate 100 c.c. to 495 c.c., usine, M&ane, dietiUed water,,'; 
‘ t HNa^, 4 3 AgNO, a: Ag,AsO, 4 H ^P ysNaNO, 
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If the enlphocyanate solution be made up with |,i or 12 ^Tama 
of the potassium salt to the litre, and be then st^dardised and 
diluted, so that for loo < c. it shall equal 1.08 gram of silver, 
(see p. 38), then it will also etjual '25 gram of arsenic (As). 
Except for ores i-ich in arsenic, it will bo better to work with a 
solution one half this strength. The standard as calculated from 
an oxpei'imcnt with pure silver should be checked by another 
using pure resubliined white arsenic, As, 0 ,, which contains 
75-75 % metal. Tlio (piantity of white arsenic oaken, .1 

or .2 gi'aiu, should contain about as much arsenic as will be 
present in ttie assays. It is converted into sodium arsenate by 
evaporating to a small bulk with nitric acid and neutralising with 
soda. The precipibition and titratiop of the .silver arsenate should 
be exactly as in the assays. 

The difficulty of the method is in the neutralising; which has 
to bo very carefully done since silver ai-scnate is soluble in even 
faintly acid solutions; one drop of nitric acid in 100 c.c. of water 

enough to produce an absolutely worthless result; and an 
^cess of acid much less than this is still vei-y prejudicial. The 
addition of a little sodium acetate to the solution after the final 
neutralising hivs a good ''tect. 

Arsenic in Mispickel.—Weigh up .250 gram of the finely- 
powdered ore, and phme in a Uerlin crucible about i| or inch ’ 
in diametei-. Tre.'it with ro or 12 drops, one drop at a time, of 
strong nitric acid, warm very gently, but avoid much heating 
Put on a thin layer of nitre, .and rather more than half fill the 
crucible with a mixture of equal pai-ts of soda and nitre. Heat 
quickly in the blow-pipe flame, and when the nia-ss is fused and 
ofiervescing, withdraw and allow to cool. Boil out with water, 
filter and wash. Iiiseit a jiiece of litmus paper and cautiously 
neutralise with nitric acid, using ammonia to neutralise any 
accidental excess of the acid. Add a gram or so of ammonium 
nitrate and silver iiitiate in excess, neutralise again with ammonia 
and add two or three grams of sodium acetate. Filter off the 
precipitate, wash and titrate. In the fusion care should Is- 
taken to avoid much effervescence (an excess of the soda uiiti- 
^ tes this) and the operation should bo stopped as soon as the 
whole has entered into fusion. 


COLOEIMETEIC DETEBJHNATION. 

There is, properly speaking, no colorimetric method, but the 
Following, which is sometimes used, is bused on similar principleit 
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It is useful fo^tlie determination of small quantities of silver ia 
sulistanees winch yield clear solutions with nitric acid. 

Dissolve a weighed quantity of the substance in nitrica6id, and 
dilute to a definite hulk. Divide into two equal {karts. To one,' 
add a drop or two of dilute hydrochloric acid, stir and filter. To 
the other, add a similar amount of dilute .acid, and then to the 
filtered portion run in from a burette standard silver nitrate 
(i c.c. = 0.5 milligram silver) until the solutions are equally 
turbid. Calculate in the usual way. 


GOLD. 

Gold occurs in nature chiedy as metal. It always contains 
more, or less silver, ami, in alluvial sands, &c., may bo associated - 
with platinum .and iridium. 

Gold is in.soluble in hyllrochloric or nitric acid, but is dissolved 
by (ujiia regia or by solutions of iodine, bromine, or chlorine. It 
is taken np by mei’cui-y, farming an anu).lg"ai, from which the 
mercury may ho driven off by ho.xt , ' 

When gold ocimi-s in particles of any siae, it ia readily detected, 
by its a{i{>oarance, but when finely disseminated through a large 
quantily of rock, it ia B0{)ai'ated and detecled by the amalga¬ 
mation asaay—deacribed- below—or by a process of washing 
somewhat similar to vanning, or by the following test:—Powder 
and, if necei’sary, roast 50 to 100 grams of the ore, put oh it three 
or four crystals of iodine and enough alcohol to cover it; allow to 
stand for half an hour; a piece of filter paper moistened with • 
the liquid and burnt leaves ■ an ash with a distinctly purple 
tint if any gold is present. It is better, however, to filter off 
the solution, evaporate, and ignite. Then, either take up with 
mercury, and ignite the amalgam so as to get a speck of tho 
metellic gold; or treat with a few drops of aqua regia, and test 
the solution with stannous chloride: a puiplo coloration intUcater 
gold. 

AUAIiGAMATIOIir ASSAY.—^Tliis does not attempt to*, 
give tile total produce of gold, but rather the quantity which can 
bebstracted on a large sc^e; therefore it should imitate as closejyj 
as poasiblo the process adopted in the mine or. district for 
tracting the melal. , ' ■'> 

Take 2 lbs of the ore in powder and roast; make into a Si® 
paste witli hot water and rub up for an hour or so with a UtM 
mercury. I^fash off the sand carefully, and.colleot the amal^lQ 
Drive off the mercury by heat, and weigh the residual goi(jv / & 
ia best toasupel it with lead before weighing. 



In an expciimont un a lot of oro which contained 0.189 
of gold, 0.179 g>’e''n was obtiiined by the above process, equal to 
about, 94J per cent, recovered. With ores generally, the yield 
may ra from 80 to 90 per cent, of the actual gold present. 


DEY ASSAY. 

Tlie dry assay of gold ores resembles in its main particu'iirs tbe 
. ilry assay for silver by the rrnciblo method; and for niaih that is 
of importance in its diaenssion the student i.s referred to vrluit is 
written under Silver on pp. 90-113. 

Size of Assay Charges.—Gold ores rarely contain more tli.an 
a few ounces, often only a few pennyweights of gold to the ton ; 
consequently, the button of gold obtainable from such quantities 
of ore as may be conveniently worked by assaying methods is 
often 80 small as to require more than ordinary care in its 
manipulation. One milligram of gold forms a button of about 
the size of one of the full-stops on this page, and compared with 
a million similar juirticles of quartz (about four ounces), lafprosents 
a produce of a quarter of an ounce to the ton: a proportion such 
as the assayer is frequently called on to determine. It is evident, 
, therefore, that a charge of half an ounce or le-ss of the ore, such 
as is usual with silver ores, would demand of the worker both 
skill and care in the lumdling of the minute quantity of gold to 
be obtained from it. Fortunately the work is simple and precise, 
so that in practised hands and with only a 5-gram charge the 
assay of a 5-dwt. ore is practicable; with so small a charge, 
however, the result is barely perceptible on a sensitive balance; 
tbe button of gold should be measured under a mici'oscope. It 
follows, therefore, that larger charges of say 50, 100, or even 200 
grams, have an advantage in tliat they lessen the strain on the 
worker's attention, and, except in the case of the poorest mineral, 
bring the button of gold within the scope of the balance. On the 
other band, the inconvenience of the larger charges lies in the 
. amount of fluxes and consequent size of the crucibles required to 
|ux them. 

jJ ^Sampling.—A further consideration in favour of the bvrger 
;(barges is the matter of sampling. In preparing his ore, the 
;^(tudent sliould ask himself what reasonable ex]]ectation he h.as 
f ihat the portion he puts in the furnace will bo of average 
yichness. The larger charges are likely to be neimer than the 
ilBinaller ones to the average of the parcel of ore from which 
%thev arc taken In explanation of this, let us suppose a large 
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heap ot 5-dwt. ore, in sand of the coarseness of full-stops, and 
containing all its 'gold in imrlicles of i milligram, as uniformly 
distributed as care and labour in the mixing can accomplish. 
Such a heap could not possibly occur in practice, but it will serve 
for purposes of illu-stration. Now, one ton of the sand, however 
taken, would cmitain appreciably the same (juaiitity of gold a.s 
any other ton. For a ton would contain about 8000 p,rrticleK ot 
gold; and even if two separate tons difl'ered by as much as 100 
jiarticles (which they are just likely to do), this wo'ild mean only 
a difference of i or 2 grains to the ton. On tlie other hand, 
two portions of 14 lbs., which should cootain on the average 
50 particles of gold, are likely enough to differ by 10 particles, 
and this, calculated on a ton, means a difference of i dwt. It is 
easy to see that something like, this should be true; for on 
calculating the i4-lb. lot up to a ton, the deviation from the 
average, whatever it may be, is multiplied by 160; whereas, if 
the ton were made up by adding 14-lb. lot to i4-!b. lot, up to the 
full tale, then a large proportion of the erroi-s (some being in 
excess and some in defect) *ould neutralise each other. An 
average which is practically true when dealing with thousands, 
and perhaps sufficiently exact with hundreds, would be mefely 
misleading when applied to tens and units. Beaaonable safety in 
sampling, then, is dependent largely on the nunilier of particles of 
gold in the charge taken, and the risk of an abnormal result is 
less, the larger the charge taken. 

By doubling the charge, however, we merely double the 
number of particles. Powdering finely is much more effective; 
for, since tho weight of a particle varies as the cube of the 
diameter, halving the diameter of the particles increases their 
number eight-fold. If, now, we modify our illustration by 
assuming the particles to have only one-sixth the diameter of a 
full-stop (which would represent a powder of a fineness not 
unusual in ores prepared for assaying), we should multiply the 
number of particles by 200 (6x6x6 = 216). We should then 
reasonably expect a 14-lb. parcel of the powder to give as safe a 
sample as a ton of the sand would give; and portions of a size fit 
for crucible work, say 50 or 100 grams, would be as safe aa 10 or 
20-lb.*’samples of the coarser stuff. For example, 60 grams of 
such powder would contain, for a 5-dwt. oro, about 100 particles; 
and in the majority ot cases tho error duo to sampling would be 
■less than 10 or 12 grains to the ton, and would only occasionally 
ixceed a pennyweight. With richer orc.i the actual deviation' 
stated os so snuch to the ton of ore might be greater, but'it 
would represent a smaller proportion, stated in percents^ of the 
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gold aetually present, and would ultimately fall within the limits 
^ unavoidable error. 

It* will be seen that the size of the quartz particles has no 
direct bearing on the argument; and, in fact, ■ coarseness of 
the quartz only interferes by preventing the um m mixing of 
the sand and by binding together several particles of gold; in this 
last case, particles so united must, of course, count as one larger 
particle. How, there are some natural ores in which the gold 
particles are all very small; with these fine powuc i ing and 
mixing yields a product from which a sample may bo safely 
taken. Then, again, in “tailiiigs,” before or after treatment 
with cyanide, wo have a similar material, inasmuch as the 
coarser gold h.as been removed by previous amalgamation. With 
these, it is nut unusual to tabo the portion for assay without any 
further powdering, since they are poor in goM, and have already 
been stamped and passed through a sieve of say thirty holes to 
the incli (linear). 

But thei’e ai’e other oi'es, in lump showing no visible gold, 
which contain the gold in all pas-sible degrees of fineness, from 
say prills of a milligram or so down to a most impalpable powder. 
The treatment of these cannot be so simple and straightforward. 
Suppose a parcel of looo grams (say 2 lbs.) of such ore in fine 
powder, containing on an average 1 particle of i milligram (the 
presence or absence of which makes a difierence of .6 dwt. on the 
ton), 10 others of about .5 milligram (each representing .3 dwt.), 
and 100 others, which are too coarse to pass through an'80 sieve, 
and h.aviug an average weight of .1 milligram (each .06 dwt.), 
and that the rest of the gold, equivalent altogether to 2 ounces to 
■ the ton, is so finely divided that a charge of 50 grams may be 
taken without any considerable risk of its interfering with the 
sampling. Then in a 50-gram charge there would be one chance 
in twenty of getting the milligram particle, in which case the 
result would be 12.35 *00 high; on the other hand, if it 

were not present the result would on this account be ,65 dwt. toe 
low. Of the ten .5-milligram particles, it is as likely as not that 
one will be present, and its presence or absence would cause an 
error of 3.3 dwts., more or less.. Of the 100 particles of .i 
milligram, there would probably be from 3 to 7, instead of 
5, the proper number; this would mean a variation of 2.6 
dwts. from the true proportion. So that the probable result 
would range about 5 dwts. more or less than the cj ozs., 
which is the true produce, and there are possibilities of astound¬ 
ing results. It is true that the majority of th« results would 
be well within these-limits, and now and again the heart of 
the student would be gladdened by a beautiful conoordanoe in 
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daplicate assaTa; oevertheleas, there can be no reaBonable 
expectation of a good assay, and to work in this way, on a $0- 
gram charge, would be to court failure. The coarse gold must 
ruin the assay. 

The difficulty may be met by concentrating the whole of the 
coarse gold in a small fraction of the ore, by sifting and making a 
separate assay of this fraction. A portion of the ore, .of about 
1000 grams, is ground to a very fine powder and passed through 
an 80 sieve, re-grinding when necesaary, until only 20 or 30, 
grams is left, of the coarser powder. 'This is mixed with fluxes 
and carried through as a separate assay. The sifted portion is 
thoroughly mined, and a portion of it, say 30 or 50 grams, taken 
for assay. The weights of .the two portions must be known, and 
oarAmnst be taken tliat nothing" is lost in the powdering. The 
. method of calculating the mean result from the two as8a3rs is 
shown on page 109. In this way of working there is no advantage 
in continuing the grinding'fiutil the coarser fraction is reducol 
to a gram or so—rather the contrary ; and rubbing on until all 
the gold is sent through the siifVe is to be distinctly avoided. The 
student must bear in mind that what he is aiming at is the 
exclusion of all coarse gold from the portion of ore of which he is 
going to take only a fraction. 

The question of the smaller sampling of gold ores has been 
dwelt on at considerable length, as befits its importance, in order- 
that the student may he impressed with a sense of its true mean¬ 
ing. Sampling is not a mystery, nor does the art lie in any 
subtle manner of division. It is, of course, absolutely necessary 
that the stuff to be sampled shall be well mixed, and the fractions 
taken, so that each part of the little heap shall contribute its , 
share to the sample. Moreover, it must be remembered that 
tossing about is a poor sort of mixing, and that everything tend¬ 
ing to separate the large from the small, the light from the 
heavy, ixe the soft from the hard (as happens in sifting), must be.^ 
avoid^ or, if unavoidable, must he remedied ly subsequent 
mixing. 

Witit a well-taken sample, we may rely on a great majority of 
our result^falling within normal limita of error; but nothing, 
can belnora certain than that, in a moderately large experience.. 
we shall get, now and again, deviations much more oonsidet'. " 
able. These erratic assays can only be met by the method of' 
working duplicates, which call attention to tho fault by disnordani'" 
results. Bpeh faulty assays should be repeated in . duplicate Sq' - 
that we may rest the decision on three out of four determinationdi 1 

The lik^hood of two very faulty assays being concordant l|. .’ 
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remote; but with very important wm-k, as in .selling panela of 
ore, even this ri»k should be avoided, as concordance in these 
cnseffig demanded in tin reports of two or more assayera. The 
following actual reports on a disputed assay will illustrate 
this: (a) 5 ozs. i dwt.; (b) 5 ozs. 10 dwts. 12 ffiains; (0) 5 oza 
II dwts.; (d) 5 ozs. ii dwts. 12 grs. The mean result of 
several assays, unle.ss there be some fault in the method, 
will be very fairly exact; and individual asaays, with an uncer¬ 
tainty of I in 20, may, by repetition, have this reduced to i in 
100 or less. 

Assay Tons, etc.—Haiicg decided on taking a larger or 
smaller portion, the exact quantity to be used will be either some 
round number of grams, .such as^o or 100, easily calculable into 
percentage; or it will be that known as the “Assay Ton” (see 
page 13) or some simple multiple or friif^tion 01 it, which is easily 
calculable into ounces. The reports, too, are at least as often 
made as ounces in the short ton ot 2000 lbs., as on the more 
orthodox ton of 2240 lbs. Now the short ton is equal to 29,166.6 
troy ounces ;,and the eoiTesponding “ assay ton ” is got from it 
by replacing ounces by milligrams. The advantage of its use is 
that if one assay ton of ore has been taken, the number of milli¬ 
grams of gold obtained is also the number of ounces of gold in a 
ton of the ore, and there is absolutely-no calculation. Even if 
half an assiiy ton has been taken the only calculation needed is 
multiplying the milligrams by two. On the other hand with a 
charge of two assay tons the milligrams need halving. Where 
weights of this kind («.e., assay tons) are not at hand they may 
be easily extemporised out of buttons of tin or some suitable 
metal, and it is better to do this than to array out the grams 
and its fractions at each weighing. The sets of “assay tons,” 
however, are easily purchased. As stated on page 13, the assay 
ton for 2240 lbs. is 32.6667 grams; and for the short ton, 
29.1667 grams. If, however, the round number of grams be used 
and the result brought by calculation to the produce on 100 grams, 
the conversion to ounces to the ton may be quickly effected ly 
idle help of the table on page 107. "As this table only deals with 
,tlm ton of 2240 lbs., it is supplemented here by a shortened one 
llealing only with {A« produce of too grama and stating the result 
& ounces troy to the short ton of 2000 U>s, 
p Eetimatioii of Small Quantities of Oold.—j 5 y the Balmoe, 
an-estimating minute quantities of gold there are one or two 
of importance to an assayer only in this assay, whore they 
»fll often allow one to avoid the working of inconveniently large 
ahargee. One of these is known as “ weighing by the method of 
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TABU FOR CALOpiiATINO OUNCES TO TUB SHORT TON FEOM THB 
tlEBB OK OOtl) FROM TOO (IIIAMS OF ORB. 


MiiHgrrun. 

Ounros to the 
Ton. 

MilUgrams. 

Ouncce to the 
'I'on. 

Miltigrama. 

Ounoceto tbt 
Ton. 

001 

0.003 

0.4 

0.II7 

7.0 

2.042 

002 

0.006 

0.5 

0.145 

8.0 

2-333 

003 . 

0.009 

0.6 

0.175 

9.0 

2.625 

0.04 

0.012 

0.7 

0.204 

10.0 

2.916 

0.05 

0.014 

0.8 

0.233 

20.0 

5-833 

0 06 

0.017 

0.9 

o. 26 z 

30.0 

8.750 

0.07 

0.020 

I.O 

0.292 

40.0 


o.oS 

0.023 

2.0 

<>•583 

50.0 

14-583 

0.09 

0.026 

3-0 • 

0.875 

60.0 

17.500 

O.IO * 

0.029 

4.0 

1.167 

70.0 

2o.4i'6 

0.20 

0.058 

io 

1.458 

8ao 

23-333 

0.30 

0.(^7 

, «.o 

1.750 

90.0 

26.250 


TibiRtions.” Suppose a bailee at rest in perfect equilibrium, 
with the pointer exactly oveAhe middle point of the scale. Let 
the scale be a seiies of points at equal distances along a horizontal' 
lino; then, if a small weight be placed on one pan, the pointer- 
will deviate from its vertical position and come to rest opposite 
some definite part of the scale, which will depend upon the 
magnitude of the weight^ add^. The law determining this 
position is a very simple one; the deviation as measured along 
the points of the scale varies directly rs the weight added. For 
example, with an ordinarily sensitive balance, such as is used for 
general purposes, one milligram will move the pointer along, say, 
three divisions of the scale; then two milligrams will move it six 
divisions; half a ipilligram, one and a half divisions; and so on. 
Of course, with a more sensitive balance the deviations will bo 
greater. Now the point at which the needle comes to rest is alsq 
the middle point about which it vibrates when swinging. For 
example, if the needle swings from the third ^ the seventh 
division on the right then [ (7 + 3) t- 2] it will come to rest on the 
fifth. In working by this meth^ the following conventions are 
useful: Always place the button to be weight on the left pan 
of the balance, the weights on the right; count the divisions of. 
the scale from the centre to right and left, marking the former+ 
and the la^er -; thus - 5 is the fifth division to the left. Th«t 
.the positidK of rest is huf the algebraio sum of two reading 
For example, let the readings be 7 to the right and 3 to the 1 ^' 
*^hen (+7 - sf’+i •“+»■ Xhe mean division is the seconddiviiBoa 















to the right. If the student will place himself in front of a 
halance and repeat the following observations and replace the 
hgufes here given hy h s own, he will have no difficulty in grasping 
the method. First determine the Aios of the balance; suppose 
the unloaded balance swings +1.25 and - i ; the bias then is 
(1.25 — i)"!"* = +-I25 or one-eighth of a division to the right, 
tfow having put on the button to be-weighed let tho readings be 
+ 7.5 and +9.25, and (7.5-l-9.25)-i-2= 4-8.375. IVnthooffect 
of the button has been, to move the pointer from 4 -.12510 4-8.375, 
or 8.25 divisions to tho riglit; we should, therefore, add the 
weight equivalent of 8.25 divisions to tho weights, whatever they 
may be on the right hand pan of the baknre; if the divisions 
were to the loft (- divisions) we should .subtract. The value of 
I division is easily determined. Suppose the button in the ex¬ 
ample wen; a i milligram weight, then we should have found 
that I inllligram = 8.25 divisions .'. i division = .i2i milligi'am. 
This method of working adds very dbnsidcrably to the power of a • 
balance in distinguishing small quantities. 

By l/ic Mieroseope. —The use of the microscope also is a real 
advanteige in estimating tho weights of minute buttons of gold 
where there is no undue risk in sampling, and where an error 
of say I ill 20 on the quantity of gold is tolerable. For ores with 
copper, load, zinc, &c., as well as for tailings rather poor in gold, 
this leaves a wide field of usefulness. The method is described on 
page 440, hut the description needs supplementing for there who 
a,ve not accustomed to the use of a microscope. The eyepiece of 
a microscope (fig. 44a, A) unscrews at a, showing a diaphragm 
at b, which will serve as a support for an eye-piece micrometer. 
This last, B, is a scale engraved on glass, and may be purchased 
of any optical instrument maker, though it may be necessary to 
send the eye-piece to have it properly fitted. When resting on 
the diaphragm it is in focus for the upper lens, so that on looking 
through tho microscope, the scale is clearly sren in whatever 
position the instrument may be as reg.ards the object being looked 
at. Suppose this to be a small button of gold on a shallow, flat 
watch-glass, on the stage of tho microscope. Bring the button 
nnder the “ objective ” (i.e., the nose of tho microscope), which 
should be about a quarter of an inch above the watch-glass; then 
looking through the instrument, raise the tube until the button 
of gold, or at least some dust on the glass, comes into focus. K 
the button is not in the field, rest the thumbs and index fingers, 
using both hands, on the edge of the watch-glass, prying lightly 
but steadily, and give the glass a slow, short, sweeping motion; 
the button will perhaps appear os an ill-defined blackness, because 
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not q\iite in focus. Bring this into the centre of the field. 
^:se or lower Vhe microscoiie until the button appears with 
sharp outlines. If the scale does not cover the button, rotate the 
eye-picee; this will bring the scale into a new po-sition. Since the 
divisions oyer the button are less distinct than the others, it is 
best to read the latter. Thus, in fig. 446, tluTe arc .16 divisions 
on one side of the button, and 35 on the other, mailing r Itogethor 
71. ihe whole scale is 80, therefore the diameter of the button 
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IS 9 divisions. The value of each division obviously varies with 
the magnifying power employed. With most micrescopesthere is- 
a telescopic arrangement whereby the tube may be lengthened; 
if thisAe done and the button again brought in fociui, it will be 
seen that, as measured on the scale, the button is much Iniget 
than before. It is evident, therefore, the micrometer m^' 
jdways be used in the same way. The method given in the am 
pendix (page 440), for finding the value of' the scale when 'g3d ■ 
buttons are to be measured is easy and satisfactory. When 
button of gold is so small tJiat there is considerable riA of 
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bi transferring to a watch-gUss, it may be me^ured «m the 
cupel, but for this purpose it must be well iHuminated; this u 
best* done by concentrating 
light on it with a lens, or 
with what comes to the 
same thing, a clean flask, 
filled with water. 

Most assayei'g, however, 
using a micrometer in this 
way, would like to know its 
absolute value. To do this., 
a stage micrometer must be 
purchased. This is like an 
ordinary microscope slide 
(fig. 44®, C), and when 
looked at through a micro¬ 
scope it shows (fig. 44 <=) 
lines ruled on the glass at 
,distiincos of tenths and 
hundredths of a millimetre, 
ten of each, so that the full , , , j- • • t 

scale is i.i mm. In the case illustrated, 6o divisions of the ^le 
in the eye-piece are just equal to the i.i ram., therefore i dm- 
sion equals .0183 mm. A cube of this diameter would contain 
^ (.0183 X .0183 X .0183) 

.0000061285 cubic mm. 
The corresponding sphere 
is got by multiplying by 
.5*36; thisgivos.000003209- 
cb. mm. The weight of 
I cb. mm. of water is i 
milligram; and, since gold 
is 19.2 times as heavy as 
water (sp. g.-ig.s), the 
contents in cb. mm. must 
be multiplied by 19'*' 
gives .0000616 milligram 
as the weight of a splmre 
of gold measuring i divH.’ 
sion. ;i 

If every result had to* 
be calculated in this way> 
the method woidd be veiy 
laborious ; but, having the figures for the ^ divmon, 
of the others may be calculated by multiplying by the cube <#' 
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the oorrespooding number. Thus, for the third dirision 
(3 3 3 “ *7)1 content of the cube (.0000061285x27) is 
.0001655 *’’■ nun.; the content of the sphere (.000003209x27) 
is .0000866 cb. mm.; and the corresponding sphere of gold 
(.0000616 X 27) is .00166 milligr.am. With the help of a table of 
cubes the whole calculation for 25 or 30 divisions may be made in 
half an hour, and the results preserved in the form of a table will 
simplify all future work. 

Assay Operations.—The actual work of the assay resolves 
itself into three operations:—(i) The fusion of the ore and con¬ 
centration of the “fine metal” (i,e., gold and silver) in a button 
of lead; (2) The cupellation of the lead, whereby a button of fine 
metal is obtained; and (3) the “parting” of the gold which 
separates it from the accompanying silver. The following descrip¬ 
tion takes the order as here given, but the student, in learning 
the method, should first practise cupellation if he has not already 
done so; next he .should 'practise the separation of gold from 
silver, tfdcing known weighte of fine gold (p 63), varying from .5 
or .3 gram down to quite n^^uto quantities, and not resting 
satisfied until a sensitive balance can barely distinguish between 
the weights of gold taken and found. It may be noted here 
that if he has not a fiatting mill at his disposal, then for large 
buttons it is better to make an alloy with eight or nine parts, 
of silver to one of gold, and attack it with acid without pre¬ 
vious flattening, rather than accept the risk and labour of beating 
out a less easily attacked alloy to the necessary thinness 
with a hammer. It is only afto a sense of security in gold 
parting has been acquired, that the attack of an ore can be 
profitably accomplished, and even then simple and easy ores 
should be first taken, passing on to others more difiicalt, either 
because of a more complex mineral composition or a difliculty in 
sampling. 

Concentration of the fine Ketal in Lead.—The best flux 
.for quartz, which makes up the earthy matter of most gold ores, 
is soda, and this is best added as carbonate or bicarbonate. By 
theory,* 50 grams of quartz will require 88.5 grams of the 
carbonate, or 140 mms of the bicarbonate, to form sodium 
■ilicatef which is a glassy, easily-fusible substance, making a good 
slag. If the bicarbonate is used, and heat is applied gradually, 
steam and carbonic acid are given off at a outnparatively low 
temperature, and the carbonate is loft; at a higher temperature' 
(iUmut 800° 0., or a cherry-red heat) the carbonate fuses attack 

• 6tO, + NSjCO, « 00, + NajSiO, 

^ BIO^ + zNaHCO, = 2OO, + Na,JSiO, 4 Bfi. 
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ing the quart*, am! giving off more carbonic a/ad; as the heat 
incimses, and the attack on the quartz (rhich of itself is in-/ 
^fusibfe) becomes coujidcti:, the whole mass settles down to a liquid 
sodium silicate, which is sufficiently fluid to allow the gold and load 
to settle to the bottom. The fluid slag docs to a certain extent 
jksolve some of the crucible, but not seiiously. In a perfect 
working of this experiment, the first evolution of gases (steam 
and carbonic acid) should be gentle, so as to run no ish of its 
blowing the fine powder out of the crucible; and the heat at 
which the second evolution of carlmnic acid is produced should be 
maintained until the reaction is completed, so that there may be 
little or no formation of gas in the fused mass to cause an 
effervescence which may force sonje of the charge over the edges 
of the crucible. Of courae, in practice the ideal fusion Ls not 
attained, but there is no difficulty in approaching it closely 
enough to prevent the charge at any time rising above the levd 
it reached at first in the crucible, and £his should be accomplished. 
It is usual with quartzose ores to rely mainly on the a^ion of 
carbonate of soda, but not entirely. Litharge is also used; it 
forms, on f usioq with quartz, a silicate of lead, which is a yellow 
glass, easily fusible, and moro fluid in the furnace than silicate of 
Epda is. By theory, 50 ^ams of quartz would require 186 grams 

f litharge.* Tho reaction takes place without evolution of gas, 
d in its working the oidy point is to so regulate the heat that 
a litharge shall not fuse and drain under, the unattacked 
quartz, leaving it as a pasty mass on the surface. Now, if in 
making up a cWge for 50 grams of ore, we took 100 grams of 
bicarbonate of soda (equivalent to about 63 grams of the 
carbonate), this being five-sevenths of 140 grams (which by itself 
would bo sufficient), leaves two-sevenths of the quartz to be fluxed 
by other reagents: two-sevenths of 186 grams (say 52 grams) of 
litharge would serve for this purpose. But if we used 10 grams 
of borax, which has a fluxing action about equal to that of the 
litharge, then 40 grams of the latter, or (making an allowance for 
the quartz being not quite pure) say 35 grams, will suffice. The 
fluxes, then, ior the 50 grams of ore would be; bicarbonate of 
•smb. 100 grams, litharge 35 grams, and borax 10 grama; we 
could decrease any of these, and proportionately increase either 
pr both of the o^ers, and still rely on getting a fusible slag, 
which is the whole of the function of a flux, considered simply as 
ia flux. It should be remembered, however, that the slag is a 
ihi-silicate or acid slag, and that its acid character is increased by 
Inoreasing the proportion of borax. * 


FbO + SiO, K FbSiO, 
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But in additipu to tho fluxes there is required about 30 or 
40 grams of lead to collect tho silver and gold. This is best added 
as litharge {my 40 grams) and flour (4 grams), or charcoal ^wde» 
(2 grams). See pages 93 and 94. Tho full charge, then, would 
bo: 

Ore ........ 50 grama 

Bicarbonate of soda.too „ 

yiliarge.75 » 

liurax.10 „ 

Flour. 4 i> 

These should be mixed, plticcd in a suitable crucible (a G Battersea, 
round, will do), and heated, at first at a red heat, but finally much 
hotter, so as to get a fluid and'clean slag. When the charge has 
been in tranquil fusion for some little time, take it out and potir 
it into an iron mould. When cold, detach the button of lead. 
The slag should be glassy, nil through alike, and easily separable 
from the metal. With ordimmy ores, this slag may be considered 
as free from gold. In an ea^rimeht in which 90 mifligrams of 
gold were added, the full amount was obtained from the lead pro- ■ 
duced by the fir’s! fusion. But in certain ca.se8, more ospecially- 
where large amounts of metallic oxides are present, the slag is 
not so clean, .and with these the slag should be powdered, mixed 
with 40 grams of litharge-and 4 of flour, and melted again ; it Si 
an advantage to add a small prill of say 2 or 3 milligrams of 
silver to the charge, as it insm’os a visible prodrret in the cupella- 
tion. Indeed, this last precaution is a good one to be taken 
whciwer there is reason to expect very small buttons. It has. 
the further advantage, that, if the quantity of silver necessary 
for inquartation is known, the right quantity may be added here, 
BO as to save a suteequent operation. 

Ores containing Oxides of Iron.—Of the metallic oxides 
likely to be present in a slag, oxide of iron is the most important. ', 
Gold is occasionally found in a matrix of this substance, and in; 
the assay of “ concentrates ” largely made up of pyritw, this oxitb.' 
will be formed in the preliminary calcination. Now, the lowef > 
oxi(^ of iron (ferrous oxide, FeO) is easy to deal with; futoS ’ 
borax will dissolve about its own weight of it, and a Klioate ofi 
soda (such as makes up the bulk of a slag in a gold assay) 
take up at least half os much. But the higher oxide (ferric o;iddii^ 
Tefi^is more refractory; even 6 parts of borax yields a pq^l 
product, and slags with any consideralrle percentage of it ai6 #M 
satisfactory, t A student attempting to recover gold from 
hicmatite (in which there was about half an ounce of the 
faund in W slag-nearly a gram of gold, although in 'l^. :fiiM 







ooiA 


t 39 , 

fudon the slag appi‘!irod perfectly flaid. There is, however, uo 
difficulty in getting good slags, even with large quantities of iron. 
For example, with 50 gnoua of feme oxide, 10 of quartz, 30 of 
borax, 30 of soda,* 50 of lithargOj and 7 of flour, the result was 
quite Btitisfactory. So, too, was 25 of quartz, 50 of soda, jo oi 
lithai'ge, and 7 of flour. It is well, however, in such casies to have 
an ample proportion of flux and to aim at a larger button of lead 
than usual by increasing Iho projiortion of flour or cha'coal (see 
also page 91). A charge used on the Eandt for roasted “con¬ 
centrates ” (which we may roughly speak of as quartz and ferric 
oxide), is one assay ton (abo.it 30 grams) each of ore, soda, and 
borax, and one and a half assay ton of litharge and 2 grams of 
charcoal. Whilst, for the same material, from which most of the 
gold has been extracted by “ chloridising,” 2 5 tons each of ore, 
borax, and soda, 4 of litharge, and 4 grama of charcoal are needed. 
This quantity reijuires a large crucible (I Battersea, round). In 
this the proportion of silicate of sona itnd borax counted together 
is to the oxide of iron as 4 to i, on the supposition that the 
quartz and oxide of iron of the ore are in about equal quantities; 
but, in the larger charge especially, much oxide of lead would also 
remain as a flux. 

Ores containing Sulphides.—In assaying ores containing a 
large proportion ol pyrites or mi^ckel, or both, the best plan is 
to take a portion and calcine so as to convert it into a product of 
the kind just considered. The weighed portion of ore should be 
placed in a clean crucible and be heated to incipient redness: with 
pyrites the first effect is to drive OB’ about half the sulphur as 
vapour which burns as flame over the ore. At this stage care 
should be taken that there is no great increase of temperaturd, 
otherwise there may be more or leas fusion, which would spoil the 
operation. When the sulphur flame ceases the solid sulphide of 
iron burns with visible inotmdescence and the chaige should now 
-be stirred with a flattened iron rod so as to expose fresh portions 
to the air. The top of the furnace must be open, so that air may 
'iiave free access to the crucible. When stirring is no longer 
^followed by visible burning the heat may be raised to full redness. 
| 3 he crucible is then liftedPout (the stirrer still resting in it) and 
|if the charge gives off no odour of burning sulphur it is shaken 

into an iron mortar and mixed with the fluxes, taking care to 
telean the stirrer in the mixture. The charge is then replaced in 
pthe crucible in which the roasting was done and fused in the 
^Jbmace. The resulting button of lead is cupelled for fine metal, 
rich in sulphides requiring this treatment ape frequently 

Here and elsewhere in this article when a fiux la spoken of ts soda 
anellioarbonate is meant. 
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“concentrates." For their assay take i assay ton (30 g»in8)j 
calcine and mist with an equal weight of soda and of borax 
^ (30 grams each), and half as mnch again of litharge (t.5 tons 
or 45 grams), and with 2 grams of charcoal or 5 grams of 
flour. 

Where the sulphides are present in smaller proportion (10 per 
cent, or less), they may be taken as serving the purpose of flour 
or charcoal (seo page 55); the sulphur and iron are otddised at the 
txpense of the littege with a consequent separation of lead as 
metal. ' If the proportion of sulphides is not suflicient to give a 
large enough .button of lead, some cliarcoal or flour should be 
added. On the other hand, if they are in small excess and give a 
button of lead somewhat sulphury, i.e., hard and luittle, it may 
be remedied by the judicious addition of nitre; this last reagent, 
however, should not be used in large quantity. A plan much 
used to prevent sulphury buttons is to insert an iron rod or a 
nail in the charge in tbV crucible; the iron takes the sulphur 
forming sulphide of iron which in moderate quantity does not 
form a se^iarate layer of mi^e but dissolves in the slag. A slag 
formed or 50 grams of qu.artz, 100 soda, and some borax, may take 
up in this way somo 10 or t2 grams of sulphide of iron. If, 
however, an ore gives a layer of matte or spoise, it is best to 
repeat the assay by the mothdl%f calcining before fusion. 

Cyanide Chargesj etc.—In assaying the “tailings" which 
are to be treated in a cyaniding plant the following charge is 
used: 

Tailings . 3 assay tons or 100 grams. 

Litharge .4.5 „ 150 

Soda . 4.5 „ 150 „ 

Borax . .75 „ 25 „ 

The sand is assayed without any further crushing and the assay is 
made in duplicate. 

The residues after treatment with cyanide, diflSering from the 
tailings merely in being poorer in gold because of the extraction 
by the solution of cyanide, are run down with the same fluxes in 
the same relative proportions. But fong charges of 2.5 assay tons 
(say "75 grams) are worked, and two of the resulting buttons are 
scorilied together and then cupelled, etc., so as to give'duplicate 
assays on cWges of $ assay tons. This is erne of the cases in 
which it is desirable to add a small portion of silver before 
cupelling. 

In assaying the “cyanide liquors” for gold, 2 assay tons of 
liquor are measured out (58.3 c.c. for the 'ton of 2000 lbs., 65.3 ^ 



141 


OOL^* 

for the other) and are evaporated to dryness }n a lead dish 
weighing about 35 grams. Such a disli is easily <flctemporised out 
of a pfece of lead toil, it the ordinary vessel is not at hand; but 
care must be taken that the leivd is free from gold, '^ho dish with 
the dried residue is then scorified and the resultinj • itton of lead 
is cupelled. 

In some cases the fusion of the ore may be replaced by a 
treatment with solution of cyanide of potas¬ 
sium and'the gold recovered from the solu¬ 
tion in the way just described. For this 
purpose the ore should be *n not too fine 
powder, otherwise there will be great diffi¬ 
culty in filtering; a s,and which will pass a 
30 sieve and having no largo proitortion of 
very fine stuff will do. Not loss than 200 
grams shoxild be taken ; and as an extrac* 
tion apparatus a bell jar capable of hoiditig 
lialf as much again may be used, feuch a 
jar may bo extemporised by cutting off the 
bottom of a bottle by leading a crank around 
it with a rod hot poker; or a lamp chimney 
’ will serve the pui'poso. The smaller mouth 
of the jar is closed by a perforated cork pi-o- 
vided with a clipped tube after the manner 
of a burette (see fig. 44^). In the jar, just 
over the cork, put a plug of loose asbestos 
or glasB wool, or a piece of sponge to act as a filter j a layer of 
broken gh^, coarse at the bottom and fine at the top, will servo 
the same purpose. On this, place the charge of ore to be 
extracted. Prepare a solution of cyanide of potassium in 
water, with 3 or 10 griims of the salt to the litre. It may 
be that the whole point of the assay depends on the solution 
being of a definite strength; as, for example, where the 
relative efficiency of solutions of different strengths is being 
determined, when it will be best to estimate the ig^iantity of 
(wanide of potassium in the dilute solution by the method given 
at the end of this article (page 160). Pour the cyanide solution on 
to the ore, letting the first portions to come through run into the 
beaker^ but as soon as tbe Qre is thoroughly wetted el(^ the chp 
and allow to stand for several horn’s. Then, opening the clip, run 
through more cyanide solution and then water, so as to wash the 
gold-canying liquor thoroughly into the beaker. It is no 
if the liquor is a little bit turbid j transfer it jp a lead oish^ 
evaporate, scorify, and cupel in the usual fashi<m. 
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The assay of gold-zinc slimes, which is the precipitate formed 
by zinc acting oh cyanide solutions of gold, may be made by 
wrapping 2 or 3 grams in 40 grams of sheet lead and scorifying, 
cupelling, &c. The amount of impurity in the stuff varies greatly j 
it is usually calcined and mixed thoroughly with soda 40 per cent., 
borax 30 per cent., and sand 10 per cent., and melted in graphite 
pots. The buttons of bullion obtained are afterwards remelted 
with boriix and run into bars,-the iineno.s8 of. which varies from 
600 to 83 ‘o thousandths. The bars are sampled by chipping off 
diagonally opposite corners: or better, by drilling, the drillings 
being freed from pieces of steel with the help of a magnet. 

Cupellation.*—The cupellation of lead for gold difl'ers very little 
from that of lead canying silver. When the gold is accompanied 
by a larger proportion of silver, and both have to be determined, 
the cupellation must be conducted exactly as in a silver assay, the. 
usual precautions being taken to moderate the tempeiatore so as 
to lessen the cupellation lol^3Vlnd to promote a slow and undisturbed 
solidification in order to avoid spirting. If, however, the gold 
predominates the finish shouhtbe effected at a higher heat, as the 
melting-point of gold is ico° higher than that of silver. IDia bad 
effect of a higher temperature in incieasitig the cupellation loss 
need hardly be considered in the case of such small buttons of gold 
as are obtained in assaying gold ores, os any loss there may be is 
hardly appreciable by the Wance. With larger quantities of gold, 
however (as in assaying gold bullion), this loss becomes important; 
and it is therefore necessary to very carefully regulate the tem¬ 
perature of the muffle so as to minimise the loss. 

The oupels are made of well-burnt bone-ash, of the fineness of 
coarse wheat flour, moistened with one-twelfth its weight of water 
and compressed into shape in suitable moulds. The moulds sold, 
for this purpose are often of unsuitable shape. Since lead has a 
specific gravity of over 11, a cup to hold from 15 to 25 grams of 
molten lead need not have a capacity of more than almut a c.o. 
A hollow about i inch across and ^ inch deep is sufficient; and 
the body of the cupel to absorb this weight of lead should itself 
weigh from 20 to 25 grams. The button of lead in a gold assay 
may be twice as heavy as this, for these larger buttons a hallow 
indh across and ^ inch deep will be sufficient. If theje larger,- 
eupels are not at hand the larger buttons will have to be reduced.-! 
, in size by a scorification before cupelling. In some cases this pre- 
■liminary scorification is advantageous or even necessary: thismayV 
be because the lead is hard and impure, or'it may be that a ve^' , 
small button oi gold is expected. In the latter case it is besti^j 
* Bee the description of the process oommencing on p. og and til*.. 
•xpVmatory rAnarks onp. fia 
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scorify the lead down to something less than i gram, and to per¬ 
form the cupellation on a specially prepared small fine cupel. 
These hmall cupels are b-'St made by grinding the unsaturated 
portion of a used cupel to a fine powder, and compressing the dry 
powder into a small Berlin crucible or scorificr; the face should 
be made quite smooth by pressure from a pestle. ' .'n such cupels 
a small speck of gold (less than .01 milligram) will bo left in a 
good shape and easily visible; but the cupel must be withdrawn 
from the mufile ns soon as the cupellation is finished to iniiko sure 
of always getting the button in good condition. In phtces, such 
as Mints, where large numbers of bullion assays are regularly 
made a special form of cupel is used so that not less than six dozen 
assays may all be cupelled at the same time L’l a muffle of ordinary 
size. These cupels are square blc<;ks, a little les.s than 2 inches 
across, and a little more than three quarters of an inch deep. Each 
block carries four hollows of about .7 inch across and .3 inch deep. 
A muffle, on a floor space of 6 inches by 12, would take 3 of these 
blocks abreast and 6 deep, and thus provide the means for 72 
assays.* 

•' Cupels made with wet bone-ash should be slowly dried; and if 
in the muffle they can be slowly brought to an orange-red heat it 
is all the better. Under no circumstances must the lead be placed 
on the cupel before the latter has been so thoroughly heat^ that 
it can no longer give off steam or gag of any kind. For this gas 
bubbling through the molten metal spatters it, thus spoiling one 
assay and throwing doubt on all the rest. Again, the risk of 
freezing at the. start is much greater with a cupel which has not 
! been properly heated. 

The b^t plan is to do all the cupellations in batches. After 
the muffle has cooled down fbr the withdrawal of the lost batch, 
and the ffld cupels have been taken out, the new cupels for the 
.'next batch should bo put in their place. The furnace should then 
be stoked and made ready for the next cupellations; by the time 
. the furnace is ready the cupels will be ready also. There should 
! hie no unnecessary handling of the cupels once they have been 
jrtlaced in the muffle. ' 

I the cupellation temperature for gold is an orange-red heat 
|or perhaps a little hotter. Beginners, who are apt to overheat 
|their furnace, should avoid a heat which can properly be called 
P^w. Dr. T. K. Boset has determined the temperature of a 
fjBjiffle during the cupellation of gold-silver alloys at the Royal 
iilint. In one muffle the temperature ranged from 1065° to 

!. ’’ * Percy, iladtlurgii of SUwr and OM, p. 258. ^ - 

.. * n Umiia of Acenrooy attained in Ooid-bsUion Amy.* frano Chm. 
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1095° 0.; the lower temperature was of course in the front o! ' 
the muffle. In another it ranged from 1022° to 1062°, and here 
the muffle appeared to the eye “ decidedly cooler than usual.” 
!Fhe alloy left after cupelling was umde up of i part of gold to 
2^ parts of silver, and was fused at 952°; hence the nsual tem¬ 
perature of cupellation was, say, 120° or 130° above the melting- 
point of the residual metal. To obtain some real knowledge as to 
the meaning of these ^gures, the student should prepare p9inted 
pieces of the following metals: silver, which melts at 945"; gold, 
which melts at 1035° ; and an alloy, half silver, half gold, which • 
melts at 990°. These should be placed on clean cupels in a muffle 
almost entirely closed; the temperature should be very slowly 
raised, and the appearance of tho muffle when each metal begins 
to molt should be carefully noted. Tho cupelling tempemture in 
Br. Rose’s experiment was as much above the meUing-point of 
gold as this is above that of the silver-gold alloy. The finish ojf , 
the cttpellation of gold or ^Id-silver alloys is practically the same 
as with pure silver; there is tho same thinning out of the litharge 
into a luminous him which bpomes iridescent befora tho brighten¬ 
ing. Buc the danger of spirting decreases as the proportign of 
gold becomes greater, and disnp[>ears when the gold is much over 
30 per cent. Nevertheless it is well to let such buttons become 
solid undisturbed and protected from draughts in the body of the 
muffle. Tills means closing the muffle and allowing the furnace 
to cool down somewhat before withdrawing the cupola Buttons 
solidified in this way are more malleable than when they are 
withdrawn promptly on the finish of the cupellation.- This is 
important with large buttons, as in a bullion assay. On the other 
hand, very small Wtons, especially such as have to be measured 
rather than weighed, should be withdrawn as soon as the luminous 
film has disappeared. Bor when this is done the button can be 
loosened from the cupel by merely touching it with the point of a 
pin, and is then safely and e ily transferred to a watch gloss by, 
touching it with the head of pin which has been moistened. It 
adheres to this, and if the pin is not too wet comes off at once oh 
touching the glass, or in any case will do so on gentle warming. 

Molten gold, with little or no silvm', has a peculiar colour winch 
is ea^ to recognise; it is more globular than a button of silver 
of the same sire would be, and it shows leas adhesion to the 
oupel. Just after becoming solid it glows l>s8utifully, and this i|' 
so marked that it is a valuable help in finding the position of a ' 
' button when it is more than ordinary niihute. 

If the but|on left from cupellation is yellow it is at least half - 
gold, and a rough guess as to the proportion of gold may be made 
its yeBowneaai the rest of the metal is gena^y^ver. ; 
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makes the surface of the button dull and crystalline. The native 
alloy of osmium and iridium does not alloy with gold, however, 
but falls to the bottom < f the molten metal. It shows itself ii the 
subsequent parting as a black spot or streak on the under surface. 

Tlie buttons are removed from the cupel wi! h a pair of pliers 
and then brushed to remove adherent litharge and bone-ash. 
Some assaycrs advise cleaning by dipping in warm dilute hydro¬ 
chloric aciid followed by washing in water and drying, '"he button 
is next weighed. AVhen the quantity of silver obtained is not 
required to be known the weighing may sometimes be omitted. 
The next operat ion in either case is parting either with or without 
a previous inquartation. 

■ The loss of gold in mpeUution is by no means always inconsider¬ 
able. In three cnpollations of i gram of gold with 20 grams of 
lead made purposely at a very high temperature the cupel ab¬ 
sorbed 6.04, 6.20, and 6.45 milligrams of gold. Hence at a high 
temperature there may easily be a loss of more than half a per 
cent, of the gold. In ten cupellations with the same quantities 
of gold and load, but at an ordinary temperature, the gold re¬ 
covered from the. cupels v.aried from 1.37 to 1.92 milligrams, and 
gave an average of 1.59 milligrams. In round numbers the 
oupellation loss of pure gold is .15 per cent. 

But if the gold ^ alloyed with siher the loss is diminished, as 
U shown by the following experiments. Gold, .3 gram, was 
cupelled with 10 grams of lead and varying amounts of silver, 
and the cupels were assayed for gold with the following results; 

Silver in the alloy ... .3 gram .6 gram .9 gram 

Gold in the cupel .. .47 milligram .32 milligram .17 milligram 

These, calculated on the .3 gram of gold, give the loss as .157, 
.107 and .057 per cent, respectively. The effect of copper, on the 
other hand, is to increase the cupellation loss, which, silver being 
absent, may from this cause rise to .3 per oent., even when the 
temperature is not excessive.. 

In the ordinary assay of gold-copper alloys a constant weight 
of. the alloy is always taken; hence as the weight of copper in a 
cnpel charge increases, the weight of gold decreases. The silver, . 
on the other hand, is always very nearly two and a half times as 
much as the gold, whatever its quantity may be. But the cupel¬ 
lation loss is smaller with lees gold and greater with more copper, 
and it so happens in these assays that these two <q>posites nearly 
neutralise one another. Mr. W. F. Lowe* founi^ the gold »• 

* “ Assaying and Hall-marking at the Chester Assay OiBce.'’ W. It 
Lowe, /oiirn, So". Chan. Industry, Sept. 1S89. 



Il^g im-B^OK oV Assirao, 

ooveraWe from the cupels on which *o grains of gold bullion had 
been treated varied only between .014 and .015 grain (i.e. from 
.07 to .075 per cent, of the bullion treated), although the qu^ity 
of the bullion varied from 9 to carat.* But in the purest 
bullion there was only 7.5 grains of pure gold, while in the richest 
there were 18.3 grains; yet each lost on the cupel the same 
weight of gold, viz., .014 grain. When reckoned in percentages 
of the actual gold present the losses are .187 per cent, ^d .076 
per cent, respectively. The heavier percentage loss is mainly due 
to the increased quantity of copper. 

As with silver so with gold the predominant cause of the 
cupellation loss is the solution of the metal in the molten litharge 
which passes into the cupel. Three lots of i gram of gold cupelled 
each with 20 grams of lead pepsatedly, so as to make 13 
oupellations in all, lost in actual weight 35.72 milligrams. The 
gold recovered from the cupels amounted altogether to 34.56 
milligrams. This shows th^t, compared with the absorption by 
the cuirel, the other causes of loss are inconsiderable. 

The loss of gold by vdatili^ion is, however, a real one. The 
dust from the flues of assay furnaces has been tested on several 
occasions and found to contain gold, though in small quantity. 
Thus Mr. Lowe found .073 per cent, of silver and .00033 pe^ 
cent, of gold in such a material. The lead volatilised from a 
bullion assay would need to be ten times as rich as this to aodWii'' 
for a loss of gold equal to the hundredth part of a milBgfam. 
Dr. E(ffle, in the paper already quoted, believes that on a .5 gram 
charge of standard bullion the loss from volatilisatidi is not less 
than .025 nor more than .05 milligram of gold. 

By way of conclusion it may be said that the cupellation loss of 
gold is atout .07 per cent., and that it is largely met or even over 
corrected by a compensating error due to silvar retained in the 
gold after parting. ■ ' 

Inqnartation.—The method of sepmating the cold from the 
silver in gold-silver alloys by boiling with nitric arid does not act 
equally well in all cases. An alloy half silver half gold, rolled to •; 
thin sheet and boiled for half an hour, with nitric acid, may still i 
■ retain more than two-thirds of its silver. An alloy of i {>art grid 
and 1,^7 parts of silver gives up practically the whole of its,silver > 
under similar treatment. The gold is left in a oriiereht, thoughi‘< 
"easily broken, sheet retaining the shape of the original alloy. Th%^ 
\gold thus left is quite spongy and porous, so that the acid ca»i^- 
penetrate into its innermost portions. if the silver is M 

• Fine or purtecold is 24 carat. Nine carat gold, therefore oontaiaa^ 
' parts of gold in 24^ the alloy; eighteen oaiat gold oontaina 18 
gal^in . 24 ; aqdsf 



large ezceas in tbe 1II07, the removal of the silver is less complete, 
and the residual .^‘dd, instead of holding together in a form easy 
to manipulate, falls to a powder which re piires care and time in 
its treatment. The old or assayers, therefore, added silver to their 
gold in such proportion that the alloy for parting should be one 
quarter gold to three quarters silver. This operation they called 
inquartMion. 

The modern practice is to aim at getting an alloy with 2^ parts 
of silver and i part of gold. In gold bullion assays Jhis propor¬ 
tion should he obtained with fair exactness. And in the parting 
of such gold buttons as are obtained in assaying ores it is well to 
aim at this proportion, though absolute precision is not a matter 
of importance. 

If the button left on cupelling the lead from an assay of an ore 
appears white, it is best to assume that it already contains at least 
a sufficiency of silver, in tbs absence of any knowledge to the 
contrary. This will be true in almost all cases. But if, on part¬ 
ing, it does not low at least two-thirds of its weight, this indicates 
that the assumption was not justified; and also what quantity of 
silver must be added to the button before again attempting to 
part. Generally the fault will bo in the other direction; the 
silver will be in excess and the gold will break up and demand 
very careful treatment. 

If, however, such a button is yellow, then, from its weight and 
depth of colour, a rough estimate can be made of how much gold 
is contained in it. Silver must be added to make the total weight 
3J times as much as that of the gold supposed to be present. 
Thus, if the button weighs 10 milligrams and is supposed to 
contain S milligrams of gold, then 8 multiplied by 3^ is 28; the 
button must, in such case, be made up to 28 milligrams by 
adding 18 milligrams of silver. In judging of the quality of the 
gold button, no ordinary error will very seriously affect the result. 
If, in the example just given, the quantity of gold present was 
really 7 or even 9 milligrams of gold, the resulting alloy would 
still have been suitable for such partings. In fact, in routine 
assays, where the quantity as well as the quality of the gold is 
known within fair limits, it is often the custom to add the silver 
for inquartation to the lead during the first cupellation. 

But in the assay of rich gold alloys such approximate work will 
not do. If the composition is not already known with a fail 
d^ree of accuracy jn’dimmary asmyt must be made. Weigh 
up two lots of 100 milligrams of the alloy and wrap each in 
3 grams of lead. To one add 300 milligrams of^silver. Cupri 
170th. The button containing the added silver must be fiattensd 
l^d boiled with 15 c.c. of nitric acid: and the resulting goU 
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mast be washed, dried, ignited and weighed. Tin’s, in milligrams, 
gives directly the j)orcci)ti>ge of gold. The weight of the other 
button gives the jierccntage of gold ana silver; the difference 
between the two gives the percentage of silver. The rest will, 
perhaps, be copper. 

The composition of the alloy Ixang known, or having been 
determined as just described, the oalcnlatioil of how much silver 
must bo added is fairly simple. The following is an example. 
Suppose th6 bullion contains 92 per cent, of gold, 1 per cent, of 
silver and 7 per cent, of copper, and that .5 gram of it is to be 
taken for an assay. The .5 gram, then, will contain 

Gohl.460 gram 

Silver.oa5 „ 

Cupper • .• • .035 n 

But the total silver required is .46 gram x 2.5. This equals 
1.15. Allowing for the .005 gram of silver already piescnt, 1.145 
gram of silver mu.st be added. 

Tho silver is incorporated w^ the gold, and at the same time 
the copper is eliminated, by'^iqrolling with sheet lead. How 
much sheet lead must be used will depend partly on how mnch 
bullion is taken, partly on how much copper it contains. Four 
grams of lead will do fbr a .5 gram charge; and for a .3 gram 
charge, 3 grams may be used. But with 20 per cent, of copper 
those amounts shoidd be doubled; with 40 per cent, of copper they 
should bo trebled ; and with over 60 {)cr cent, of copper four 
times as much lo.ad should be used. For small buttons of gold 
os little lea<l as may be relied on to start cupelling may be taken; 
the lead may conveniently be in the form of little cups made by 
folding lead foil on a piece of glass rod. With a large number of 
bullion assays systematically worked and checked a simple plan 
would be to always use the quantity of lead required by the alloy 
containing most copper which turns up for assay. This weight, 
cut out of lead foil, would be kept in stock folded into little bags 
ready to receive the bullion and silver. 

The silver used for inquartatiou must, of course, be free from 
gold and is besit prepared by the assayer who is to use it (see- 
' p. 66)r It sliould not be in long strips or angular pieces lilfdy to 
perforate the lead in whic h it is folded. When wrapped in the 
lead it should be in the middle and should make as compact a 
.parcel as possible. 

• Bach little parcel, as completed, sliould be placed on a tray in 
its properly ^umbered compartment. Its position here should 
correspond to llrat it will occupy in the muffle and eventually, in 
thck cupel tray > The cupellation must be made with all the 
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.lequisite precautions. A good smooth malleable button is needed 
tor the next operation, which is known ns flatting. 

Platting.—Small buttons, such as aro got in nss.iylng most 
gold ores, are placed on a polished steel anvil and flattened by 
one or two blows with a hammer. The flattened discs are heated 
Jo dull redness on a clean cupel and are then ’ eady for jiarting. 
Somewhat larger buttons may be similarly treated, but tliey 
should be annealed (i.e. heated, to redness and allowed to cool) 
during the flattening. The silver-gold alloy Ic.S from the 
cupollation is soft and bends like lead; but after hammering or 
rolling it becomes Larder, gets a spring in it like a piece of main¬ 
spring and cracks or splits somewhat efOiily. There should be no 
cracks or stripping or even roughness on the flattened metal, since 
such defects may cause the loss of small particles either during 
the flattening or in tlie subsequent treatment with acid. The 
softness of tlie metal is restoi-ed by heating. In bullion assays 
the flatting of the bultous requioes care imd practice for its 
skilful working. Tho strips of alloy for parting should be of 
uniform thickness and condition so that the action of the acid 
shall be equal in all cases. Tho button is taken from the cupel, 
cleaned and placed on the anvil: it is then struck a heavy blow 
which widens it to about | inch in diameter; this blow is 
followed by two others, one a little in front, the other behind, 
which lengthen the disc and give a veiy blunt roof-like slope to 
its upper face. It should then be annealed. This may bo done 
by putting it in a just red-hot scorifler heated in a muffle: it 
very soon attains the right heat and 
may then be transferred to a cold 
scorifler; the hot scorifler should be 
put back into the muffle. The 
softened disc is then taken to the 
rolls (Fig. 4s). The rolls are 
loosened until the disc can be 
pressed between them. Looking 
through the interval between them 
the rolls should appear exactly 
parallel; if they are not, one ad¬ 
justing screw should be loosened 
and the other tightened until paral- Flo. 45. 

lelism is obtained. The rolls are 

now turned and the disc should be drawn through without 
any great effort. Beginners are apt to err by trying to do too 
much with one turn of the handle. It is easy t* stop whilst the 
rolls are only just gripping the metal nnd then to bring the disc 
bock by reversing the action. If the disc was originallytlevel 
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and the rolls are parallel, the metal will appear as a strip which 
has been merely lengthened. If the i-olls are tighter on one side' 
the strip will be bowed; the tighter side Will correspond witlrthe 
outer curve of the crescent. A mistake of this kind may be 
amended by passing the strip through the rolls the other way, so 
as to reverse the irregularity and so straighten the strip. The 
Mrewon the looser side should then be tightened until psurdlelism 
is obtained; after which more care should be taken to tighten 
the two screws equally. The rolling should be stopped when the 
strip is 3 or 4 inches long and of the thickness of an ordinary 
visiting card. The strip should be annealed daring the rolling 
and again at the finish. 

Farting.—The thin sheet of metal is dropped into hot dilate 
nitric acid and boiled for five or six minutes after the brisk action 
of the acid on the metal has ceased. At this stage nearly all the 
silver has gone into solution as nitrate of silver and the acid is 
charged with this ^t. This.acid is poured off and the residual 
metal is again boiled for from 20 to 30 minutes with a second 
lot of Wronger acid. This leares the gold almost pure, though it 
may still retain from .05 to X per cent, of silver. Treatment' 
with the first acid only would probably leave thi’ee or four tildes 
as much. 

The nitric aad used should be free from hydrochloric, sulphuric, 
iodic and telluric acids. In testing it. for the first of these add 
nitrate of silver and dilute wuth distilled water; there should be- 
no turbidity. In testing for the others evaporate three lots in 
dishes over a water-bath. Test one for sulphates by adding 
.water and terium chloride. Test another for iodates by taking 
ffp with a little water, adding a few drops of starch paste and 
then dilute sulphurous acid solution a little at a time; there 
nhould be no blue colour.' Test the third for tellurium 1^ 
heating with 1 e.c. of strong sulphuric acid until dense fumes 
come off; allow to cool considerably; a piece of tin foil added to 
the warm acid develops a fine purple colour if only a trace of 
tellurium is present. 

The presence of lower oxides of nitrogen, which impart a brown 
colour to the acid, is obj^ionable; they, however, are removed 
by boiling the diluted acid before using it for parting. It is 
‘usual to keep a stock of the acid suitably diluted to the two 
strengths paired for the parting. These aaw known as the 
.'parting acids. The first parting add is the weaker and is used 
in. the first attack on the metal. The spctfic gravity generally 
recommended for it is about 1.2. It may bo prepared either bjC-- 
.•dilutiBg the strong add vrith about its own volume of distilled wat^i 
:« by suitably diluting the second parting add which has bem' 
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alieadjr used in an assay; the small proportion of silver this con¬ 
tains is not haimfiil for tJiis purpose. The teemid parting ooid has 
a spCbifie gravity of about 1.3, and may be made by diluting the 
Strong acid with half its volume of distilled water. 

Parting in Flasks .—Flasks are most convenient for the larger 
partings, as in bullion assays; and should always be used for this 
purpose unless some of the special parting apparatus, like that 
^d in Mints, is available. Many assayers use 
flasks, though of a smaller size, for the ordinary 
partings in assaying gold ores. The flasks are 
hither bulbs with long necks (Fig. 46) which ought 
to be heated on rose burners of special construction; 
or they are small flat-bottomed conical flasks which 
may be conveniently heated on a«hot-plate and are, 
in this respect, much easier to deal with in general 
work. The following instructions apply to the 
parting of an alloy containing a fewdedgr^s of 
gold together with the proper proportion of silver. 

The strip from the rolls, after being softened by 
annealing, is folded on itself on a glass rod mto a 
roll or comet. It should be so plastic that it will 
retain the shape thus given it and not spring open on Fio. 4*1 
removing the pressure of the fingers. About 50 0.0. 
of the first parting acid are placed in a 6-ounce conical flask and 
heated to boiling; the flask is then withdrawn, and tilUd a little 
to one side, whilst the comet is cautiously dropped into it; there 
will be a sudden issue of hot vapours and a prompt withdrawal of 
the hand is advisable. The flask is rejjlaeed on the hot plate and 
the acid is kept boiling for 10 or 15 minutes. The flask is then 
withdrawn and the acid diluted with about an equal volume of 
distilled water. If the flask has a thick glass band around its 
heck, a little way down,* care must be taken to use hot water, 
for any sudden chill wiH certainly crack the flask where it is thus 
thickened. The liquor is carefully decanted into a dean beaker 
and is then thrown into a jar marked “waste silver.’’ About 
. 40 C.C. of the second parting acid, heated to boiling, is then poured 
ipto the flask, which is then replaced on the hot plqte. The 
boiling is continued for 15 or go minutes or even longer. At this 
stage bumping has to be specially guarded against; after a little 
socperienoe it is easy to see when this is imminent and the flask 
dlould be withdrawn to a cooler part of the plate; it is better to 
prolong the heating at a temperature below boilteg than to run 
the risk of disaster. Borne of the older writer^ however, are 

• The month of the flask must not have a rim around 
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rather innetent on vigorous boiling with large babbles. The 
addition of a small ball of well-burnt clay of a^ut the size of a 
pea has been recommended, as it lessens the tendency to irregular 
and dangerous boiling. At the end of the treatment with the 
second acid the flask is withdrawn from the plate and the add is 
diluted with .an equal volume of distilled water. The liquor is 
Gorefully decanted into a beaker, and then poured into a jar or 
Winchester marked “ acid waste ”; it serves for making the first 
parting a«id. The flask is then washed twice with hot distilled 
water; the washings must be carefully decanted from the gold. 
The flask is then tilled with water. A parting cup (size B) is 
then placed over its mouth, like a thimble on the tip of a finger. 
This cup is of unglazed porous earthenware of such texture that 
it .absorbs the last few drops of water left on drying; and with a 
surface to which the gold does not adhere even on ignition. The 
gold should fall out cleanly and completely on merely inverting 
the cup over the pan of the balance. The flask and cup are then 
inverted so that the flask stirnds mouth down in the cup; a little 
of the water from the flask Aots into the cup, but only a little. 
The gold falls steadily throu^ the water into the enp. When 
time has been allowed for oven the finest of the gold to have 
settled into the oup, the flask is removed. This is easiest done 
under water. The cup, with the flask still resting in it, is dipped 
under water in a basin; as soon as the neck of the flask is 
immersed the crucible can 'safely be drawn away from mder it 
and then lifted out of the water. The flask should not be taken 
away first, for the rush of water from it may easily sweep the 
gold out of the cup. The water in the oup is then drained oflf 
and the cup is dried at not too high a temperature; for if the 
last drop or two of water should boil there is danger of spattering 
the gold out of the crucible. When it is dry, the cup Is heated 
on a pipe-clay triangle over a Bunsen burner, or on a slab of 
asbestos in a mufilo, to a dull-red heat. Tliis brings the gold to 
“colour”; that is, the loose tender dark coloured gold becomes 
bright yellow and coherent; and is in a state fit to be transferred 
to the balance and weighed. All unnecessary transferences 
must be avoided. As soon as the cup is cool it may be inverted 
over the pan of the balance, when the gold will fall out cleanly or, 
at the worst, a gentle tap with the finger will be suflufient to' 
detach it. 

Parting in tesl-tvieg, or in the smaller conical flasks, is used in 
the assay of gold ores of ordinary richness. The work is exactly 
like that just ^escribed in all its main features. Genmally speaks 
ing much less acid will be used; for example, in test-tubes and 
for small buttons, 3 or 4 c.c of each acid is quite enough. A g<»'u .' 
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die action need not be ro prolonged; lo or 15 minutes in each 
acid is sufficient. So, too, the heating may bo less, it is very 
convtoient to support the test-tubes in a #ater-bath, or merely 
to rest them in a beaker of boiling water; and there is no serious 
objection to doing this. A smaller parting cup should be used; 
the A size is suitable. The button, on the othei hand, should be 
beaten thinner than is needed for the larger partings. If th« 
silver should be in exc^s and the gold becomes much broken up 
ample time should be given for subsidence from the tcSt-tnbe 01 
flask into tha,parting cup. 

Parting in glazed arucihles or dishes .—This method of working 
has the advantage that there is no transference of the gold until it 
is placed on the pan of the balance. On the other hand, in the 
boiling more care is required in adjusting-the temperature. The 
following instructions apply to the ticatment of veiy small 
buttons, to which the method is more particularly appliciible; 
but very little modification is needed for the treatment of larger 
buttons. The .smallest sized Berlin crucibles answer admirably. 
They should be cleaned by treatment with hot and strong sul¬ 
phuric acid, followed by washing in distilled water; the comfort and 
ease of working mainly depends on the thoroughness of thiscloiming. 
*The crucible, one-third full with the first parting acid, is heated 
on the hot plate until the acid is almost boiling. The flsittened 
and annealed button is dropped into it and the heating continued 
with, at most, gentle boiling for a few minutes. The crucible is 
then filled with distilled water, which cools it enough for easy 
handling; and when the gold has settled the liquor is poured oil 
along a glass rod into a dean beaker. Any greasiness of the 
crucible makes itself felt hero and is very objectionable. The 
crucible is then one-third filled with the second j^ing acid and 
the heating resumed, care being taken not to raise the tempera¬ 
ture too high; this should be continued much longer than before, 
say for five or ten minutes or even longer according to the size 
of the button. Distilled water is again added and, when it is 
drained olT, the washing with distilled water is twice repeated. 
It will not bo possible to drain off the last drop of water; but if 
the gold is coherent, the crucible can be so indined that this drop 
drains away from the gold, in, which case the drying can be done 
rapidly; the boiling of the water will do no harm. But when 
the gold is much broken up, it will collect in the middle of this 
drop and the drying must be done gently; best by putting the 
: crudble in a warm place. When dry, the crucible is heated till 
the gold changes colour, but the heat must be Iwpt well below 
.redness. When cold, the gold is transferred directly to the pan 
af the balance. With minute specks of gold which will reryiire 
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measuring, it is best to put a small piece of lead foil (saj; ,i gram) 
in the crucible over the gold, and then heat the crucible to above 
redness over a blowpipe. Whilst the lead is oxidising it is easily 
swept round in a bath of molten litharge by merely tilting the 
cruciblp. In this way any separated specks of gold can be taken 
up with certainty. When the worker is satisfied that the lead 
has had ample opportunity for taking up the gold, the lead must 
be kept in one place and the heat slowly lowered. By this means 
the buttoh becomes supported in comparatively pure litharge and 
when solid can be picked out quite easily with a pair of pliers and 
in a very clean condition. The lead button is then cupelled on a 
very fine cupel, as already described. The method of working last 
described destroys the crucible. If the gold is not quite so small 
this may be avoided. A smo^l piece of lead foil should be 
hammered out until it is perfectly flexible. It is then shaped 
into a tray and the gold is transferred to it. The lead is then 
folded over, with the help'of two pins; and cupelled. 

if the crucible shows a black stain on beating it is because 
some silver remains through .Md wishing. It shows poor work 
end the astay should be repeated. , -- 

The silver retnhied in the gold after petrting is, in bullion assays, 
an important mutter; it is roughly equal to the loss of gold due 
to absorption by the cupel. Mr. Lowe working on .5 oz. of gold, 
obtained by parting in assaying bullion, found it to contain .123 
per cent, of silver. Ur. Rose in some special a.my pieces found 
by a less direct method of assaying, from .06 to .09 per cent, of 
silver. The proportion of silver retained varies in a marked way 
with the proportion of gold to silver in the alloy before parting. 
It is generally stated that the retained silver is least when this 
proportion is i to 2]^, and more or less silver than this leads to a 
less pure gold alter parting. 

Platinum in an alloy being parted is dis.«olved along with the 
silver either altogether or in part. It imparts a straw yellow ■ 
colour to the parting add. Palladium gives an orange colour to 
the acid. 

The loss of gold by solution in the add during pwrting is small, 
but easily demonstrable. On a 500-milligram charge of bulUon 
it ma/amount to from .05 to .15 milligram; i.e. from .01 to .03 
per cent. It is due to gold actually dissolved and hot me^y held 
in suspension. 

Assaying with oheoks, Snxoharge.—It will be seen from 
what has been stated idtat the errors in gold parting are of t^EO 
kinds: viz. (i)a loss of gold on the cupel and-to a less extent 
solution in the add, and (z) an apparent gain of gold due to 'tw 
retentibu of Isilvdr in.the parted material. . Both errors arsBnwtlr 
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*nd as they are of an opposite character they tend to neutralise 
dach other. Hence they are altogether without etfect on the 
accuracy of the assays of v'res when the total gold is reckoned in 
milligrams. And even with the larger amounts present in bullion 
assays their influence is so small that an uncorreefed result is still 
fairly accurate; the resultant error would not be more than one 
pai't in two or thi!ee thousand. 

It is customary to report the purity of bullion, or its fineness 
as it is called, in parts per thousand of bullion. 'I’he sum of the 
■errors of an assay, which is called the mnliarge, is reported in the 
same way. Thus a surcharge of + .3 means tljat the gold as 
weighed was .3 part per 1000 more than the gold actually pre¬ 
sent. But a surcharge - .3 means that on *he whole there was a 
loss of .3 part per 1000 in the assay. 

Speaking roughly the retained silver will vary with the weight 
of gold present; if one alloy contains twice as much gold as 
another the retained silvor will be about twice as much also. On 
the other hand, as already explained, the cupellation loss on the 
poorer alloy is as much as, or even more than, with the richer one, 
because of the copper, (us. present. With rich gold alloys the 
mlver more than compensates for the loss and the surcharge is 
i^itive; but with poorer alloys the loss is greater and the sur¬ 
charge is negative. 

In Mints and places where bullion assays must be made with 
the highest attainable accuiacy, the surcharge is determined by 
experiment, and the proper correction is made in the reports on 
the bullion. This is done by making assays of gold of the high^t 
degree of purity alongside of those of the’bulhon whose quality 
has to be determined. These “ checks ” are so made that they do 
not differ from the actual assays in any material point. Thus, 
being of the same quality and weight and undergoing exactly the 
same treatment, they may reasonably be expected to have the same 
surcharge as the assays they imitate. Suppose the bullion being 
assayed varies only a little, up or down, from 900 gold and 100 
•■copper in the thousand, and that .5 gram of it is used in each 
;Msay. A quantity of gold differing only a little from .450 gram 
■Voiffd- be very exactly weighed and placed with .050 gram of 
^pper in the same weight of lead as is being used in the other 
amys. It would be cupelled, parted, dte., as nearly as pos.sible 
wder the same conditions as the actual assaya Suppose the pure 
^Id weighed .43016 gram and the parted gold weighed .45035 
^Jnun, the gain in weight, .00009 gram, would be deducted from. 
^Se actual assays. A surcharge correction is never applied except 
^ bullion of the same quality as that represented by the “ che^ 
” it was calculated from. 
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It is evident that unless the gold is of the highest degree of 
purity these check assays will introduce an error almost equal th 
that which it is designed to remedy. Moreover, to work the 
checks to the greatest advantage, a very systematic and uniform 
method of working must be adopted. 

Parting in special apparatus.—One plan for obtaining 
greater uniformity is to stamp each comet with a number for 
purpos^ of identification, and to treat several, including one or 
more check assays in the same add contained in a beaker; all the 
assays under these conditions evidently receive precisely the same 
acid treatment. Such a plan can of course only be adopted where 
there is no ris^ of the gold breaking up during the pa^ng. 
improvement on this is to have a porcelain basin * about 8^ inches 
in diameter and with a capacity of about i J litres. It is provided 
with a porcelain cover with 30 numbered holes through which 
tubes dip into the add. The cover is removable. The tubes are 
like test-tubes and are sufiported by the cover; their bottoms are 
perforated with holes or slits. The add is placed in the basin and 
boiled over a flat burner; i#'enters the tulws through the slits. 
The cornets are placed each in its proper tube. When the 
boiling is finished, the cover with the tubes is lifted and at the 
same time the add drains hack into the basin. A dip into a 
basin of distilled water washes at one operation all 30 assays. 
The cover is then put on a basin containing the stronger parting 
add which is already boiling. This boiling is continued for half 
an hour. The cover with the 30 cornets is then lifted out from 
the acid and dipped two or tluee times in distilled water to wash 
off the last traces of acid. To transfer the comets from the 
tubes to the porous cups the whole of the tube must be dipped 
under the water; otherwise the operation is exactly as when 
working with test-tubes. 

A still simpler method of working is to use small platinum 
cupst provided with fine slits which admit the add but retain 
the gold. A number of thase, say 60, ai-e supported on a 
platinum tray. The parting acids are boiled in platinum dishes 
under a hood; and the 60 comets (each in its proper cup) are 
plac^ in the acid all at once: the tray carrying the cups is 
provided with a handle suitable for this purpose. After a propmr 
boiling the tray is lifted out of the weaker add into the stronger, 
one, where it undergoes the second boiling. It is next dipped 
several times in distilled water and lastly, ^ter a gentle drying,.; 
it is raised to an annealing temperature which must not be tOQ ' 

? See "As^ying and Halliinarking at the Chester Assay Offloek* by; 
W. F, Lowe. Joum. Soe. Gkmt, Indmtry, Sept. 1889. 
sf Percy, tlttallvr/w^of Silver and Qold, p. aSy. 
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high for fear of the gold sticking to the platinum. After cooling, 
the comets are transferred from the platinum cups directly to 
the pa^ of the balance. Here all 5 o comets have exactly the 
same treatment and the “ checks ” may be compared with great 
exactness with the other ataays accompanying them. There is, 
too, a great saving of labour.* 

Silver, &o., in gold bullion.—The base metals are generally 
determined by cupelling .5 gram of the alloy with 5 grams df 
load. The loss in cupdlation having been allowed for by any 
of the usual methods (see p. 104.) the gold and silver contents are 
given. By deducting the gold the proportion of silver is obtained. 
The silver is generally determined by diflerenco in this way. If 
it is desired to dissolve out the copper, silver, ifcc., and to 
determine them in the wet way, the gold must first be alloyed 
with a sufficiency of some other metal to render it amenable to 
tho attack by acid. Cadmium is the metal generally recommended, 
and the alloy is made by melting together a weighed portion of 
the gold with live or six times its weight of csidmium in a Berlin 
crncible and under a thin layer of potassium cytmide. 

Lead Tvith gold or silver.—Large quantities of lead eairying 
gold and silver are sold to refiners in bars weighing about loolbs. 
each. The assay of these alloys presents no special difficulties, 
hut the sampling of them is a question which m.ay be profitably 
discuRSed.t 

A molten metal m.ay bo conceived to have all the physical 
states observed in ordinary liquids, although these cannot be 
actually scon owing to its opaqueness. There is no doubt that 
pure lead at a temperature only a little above its melting-point 
can contain a large proportion of gold in such a manner that it 
may in a figurative way be spoken of as a clear solution. Any 
small portion withdrawn from the molten metal would afford a 
perfect sample. The same would be true of any pure alloy of 
lead and silver in which the silver does not exceed the proportion 
of 2J per cent.! On the other hand, if the molten metal contains 
■much more than .5 per cent, of zinc, more than .1 per cent, of 
topper, or a larger quantity of silver, it may be likened to a 
^turbid liquor. The resemblance holds good so far that if the 
Imolten lead be further heated, whereby its solvent power on the 
^ added metal is increased, the turbidity will disappear, or at least 

S • See also “The Assaying of Gold Bulh'on,’’ by C. Whitehead and 

tJlke. AV'7. and ilining Jmrnal, Kew York, Feb, X2, 1898. 

^ t Consult Pcoy's Metailur^j 0/ Siher and Gold, p. 172 ; A. C. Clandet, 
TVaiu. Intt, Mining and MtiaUnrgg, vol. vi. p. 29 j G. M. Koberts Tram, 
4mir. hut. Mining Engineert, Buffalo Meeting, 1898; J. ani^H. B. Fattin- 
i.ioa, Jtturn, See. Chan Indmtry, vol. zi. p. 321. 

> X Heycock and MevUle, Jmim, Chan. Soe., 1892, p. 907. 
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be considerably diminished. A portion taken at random from 
such a molten metal ratiy, or' may not, give a good sample. The 
suspended insoluble matter will tend to concentrate itself in tie 
upper or lower paits of the liquid according to whether it is 
heavier or lighter than it; and this separation may occur with 
extreme slowness or with fair rapidity. However, it is generally; 
agreed that in the ca.se of such alloys as occur in practice, samples 
taken in this way are quite s.ati8factory and are the best obtain¬ 
able. The precautions insisted on are that the lead shall be made 
as hot as practicable; that it shall be stirred up at the time'of 
taking the sample; and that the portion withdrawn shall be 
taken out with a ladle at least as hot as tho molten metal. The 
further precaution that if any di-oss be on the surface of the motal 
it shall be skimmed off and separately sampled and asaiye^* 
alm(Mt too obvious to require mention. An altemativ^'^^ 
perhaps, better way of taking the sample is to withdl^^ praWOM 
at equal intervals from ^le stream of metal whilst the pot is being 
emptied; equal weights tSiken from those portidSs and mixed (by 
melting or in some other wot) give a fair sample of the whole. In 
addition, separtite assays of^ch portion will show to what exte^ 
the metal lacks uniformity in composition. For example, sam^w 
taken at the beginning, middle, and end of a nin gave the 
ing results in ozs. of silver per ton: 475, 472, 466, shomhg an 
average result of 471 ors. Fifteen fractions taken at regular 
intervals during the same pouring ranged from 475 ozs. <to 
464 ozs.: the average result was 469.8 ozs. The same lead cast 
into bars and sampled by sawing gave an average of 470 ozs.* In 
another easet samples drawn at the beginning, middle, and end of 
a run gave 1345 ozs., 1335 ozs. and 1331 ozs. The mean result 
in such cases is iways a reasonably safe one, but evidently where 
the metal varies a good deal it is safer to take more .than 
three dips. 

Imagine such lead run into moulds and allowed to become 
solid as bars; the difference between bar and bar would not ^ 
greater than that between corresponding dip samples. But^ffi 
each bar the distribution of the silver and gold is very serieqw 
affected ^ring solidification. Chips taken from the same 
annforoJra load may show in one place 23 ozs. of gold totht toa^ 
in another 39 ozs.; similarly with silver they may vary as 
as from 900 Ozs. to 1500 ozs. to the ton. ’ 

* This reaiTangemout of the constituents of a bar takes 
whilst the lead is partly solid, partly liquid. The most usef^ 
conception of such half-solidified meUil is that of a felted sp 
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t A. 0 . Claudet. 
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mass of skeletott crystals of comparatively pure lead satnrated' 
with a still fluid enriched alloy. If the solidification of an ingot 
of impure tin be watched it will be evident that the frosted 
appearance of the surface is due to the withdrawal of the fluid 
portion from a mat of crystals of purer tin which have been tor 
some time'solid and a contraction of the ma.S8. Tlie shrinking of 
the last part to become solid is further shown ly tie collapse 
of the aurfiice of the ingot where weakest; that is, a furrpw is 
formed on the flat surface. In other cases of fused metal there is 
expansion in.stead of contraction in this final stage of the solidifi¬ 
cation, and the enriched alloy then causes the upper face of the 
ingot to bulge outwards. There ore other causes effecting the 
redistribution of the metals through the ingot. There can be no 
geneial rule of wide application showing which part of a bar is 
richest and which poorest in the precious metals. This will depend 
on the quantities of gold or silver, on the q!;antities and kinds 
of other metals present and on the manner of casting. The 
student is advised to consult Mr. ClailJot’s paper which has been 
already referred to. 

The best method of sampling such bars is to melt them all 
down and to take a dip sample of the molten metal in one or 
other of the methods already described. According to Mr. Claudet 
this should be done in all oa.ses where the gold'exceeds one or two 
ounces or where the silver exceeds 200 oss. to the ton. If during 
the melting down some dross has formed this must be skimmed 
off, weighed and separately sampled and assayed. The clean lead 
also must be weighed, sampled and assayed. The mean result 
must be calculated. Thus 14 tons 5 ewts. of dean lead assaying 
32 ozs. to the ton will contain 456 oza of silver; ij cwt. dross 
assaying 20 ozs. to the ton will contain 15 ozs. of ^ver. The 15 
tons of lead and dross will contain 471 ozs. of silver or 31.4 ozs. per 


ton. 

Of the methods of sampling which avoid melting the bars, that 
■ known as sawing is the only one which is thoroughly satisfactory. 
,>3n it the bars are brought to a circular saw having fine ■teeth and 
iare sawn across either completely or halfway through; in this 
,jWay a quantity of lead sawdust is obtained (say i lb. or_80 from 
bar) which represents exactly the avei-age of the bar along the 
^particular cross section taken and approximately that of the whole 
|*ar. A bar of lead, which by dip assay gave 334 ozs. to the ton, 
Mve on three transverse sections 333 ozs., 335 ozs. and 331 ozs. 
* 5 he variation may he greater than this, but with a large number 
1^ bars, where each bar is out across in as far as possible a difS^ent 
, these variations tend to neutralise each othOf and a good 
nple is nbtaii^. Two or three cwt. of sawdust may be obtained 
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jtt this way; this is tlioroughly mixed and reduced by quartering 
in the usual way or by a mechanical eampler. A sample of 2 or 
3 lbs. is sent to tbe asaaycr. This Iwing contaminated with the 
oil used in lubricating the saw is freed from it by washing with 
carbon bisulphide, ether or Imnzeno and dried. Then, after 
mixing, 100 to 200 gmms of it are carefully weiglicd and placed 
in a hot crucible, the heiit of which should be sulllcicnt to melt 
all the lead. The molton lead should not bo overheated and 
should show no lo.s.s due to the molting. The removal of the oil 
may have decreased the weight by perhaps one half per cent. If 
the lead gives dioss on heating it may be melted under 10 or 20 
grams of potassium cyanide, which prevents the formation of 
dross. Samples iiro sometimes tiikeii with a drill, gouge or chisel, 
though no method of this kind is quite satisfactory. One plan 
adopted is to use a punch whioli, when driven into the b.ar, gives 
a core or rod of metal about half as long as the bar is thick and 
about one-eighth of an inch across. With live bai's side by side 
it is customary to drive in the punch at one end on the first bar, 
and .at the opposite end on the last one, and on the others in 
intermediate positions in such f. manner that all the holes will be 
along a diagonal of tho rectangie enclosing the bars. The bars 
are then turned over and simitar portions punched out through 
the bottoms of tho bars and along tho other diagonal. Or one 
set of five may bo aamplcd along tho top and tho next set along 
the bottom of the bars. 

Silver and gold present in bars of copper are subject to the 
same irregularity of distribution as in lead. The siimpling of such 
bars is guided by the same principles.* 


CYANIDES. 

The cyanides ought perhaps to be considered along with 
chlorides, bromides and iodides in Chapter XV. But they are 
treated here because they owe their importance to their use in 
tho extraction of gold and bcaiuso their determination has become 
a part of the ordinary work of an assfiyer of gold oies. 

Formerly, the cyanide mast easily obtained in commerce was 
potassium cyanide; and it was generally sold in cakes which 
might contain as little as 40 per cent, or as much as 95 per cent., 
of the pure salt. It became customaiy to expn as the quality of a 
sample of commercial cyanide by sjiying it mntained so, much per 
dent, of potassium cyanide. The commoedlal product now made 

• “ The Saftpling of Argentiferous and Auriferous Copper," by A. B-' 
Ledoiun Joum. Canadian Mining Intlitute, 189^ 
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tmproved metlio^Is of mahufactnre is actually sodium cyanide,i 
4 ut is called “pobwsium cyanide” (probably with the words 
••doable salt” on the label); it contains cyanide equivalent to 
something over loo per cent, of potassium cyanide in addition to 
a large proportion of sodium carbonate and other impurities. 
'What is wanted in most cases is merely a solub'c cyanide, and it 
Js a matter of indifference whether the base be sodium or 


potassium. But since 49 parts of sodium cyanide (IfaOIir a, 49) 
are equivalent to 65 pai-ts of potassium cyanide (KON - 65) it is 
evident that a pure sample of sodium cyanide would contain 
cyanide equivalent to little less than 133 per cent, of potassium 
cyanide. Therefore a sample of cyanide reported on in this way 
fmy be rich in cyanide, and yet have much imparity. 

' The commonest impurity in commercial cyanide is carbonate of 
sodium or potassium. This may be tested for by dissolving, say, 
2 grams in a little water and adding barium chloride. There 
may be formed a white precipitate of barium carbonate, which if 
filtered . off, washed and treated with acid, will dissolve with 
effiirvescence. Cyanate may be tested for in the solution from 
which the barium carbonate has been filtered by adding a little 
'.Wda and boiling; if cyanates are present.they decompose, giving 
off ammonia (which may be tested for in the steam) and yielding 
a further precipitate of barium carbonate.* If the soda alone 
gave a further precipitate of barium carbonate, this may, perhaps, 
be due to the presence of bicarbonates. Alkaline sulphides may 
be present in small quantity in commercial cyanide. Their 
, presence is shown at once when the sample is being tested for its 
strength in cyanide, inasmuch as the first few drops of silver 
■nitrate solution produce at once a darkening of the liquor. A 
. epecial test for sulphide may be made by adding a drop or two of 
,*olution of acetate of lead to four or five c.c. of soda solution and 


adding this to a clear solution of the suspected cyanide. This 
-WiU cause a black precipitate jir colour, if. any sulphide ir' 
'present. 

The cyanides of the heavier metals combine "with the alkaline 
r^yanides to form double Cyanides. Spme of these, ferrocyanide 
' and ferrioyanide of potassium for example, have such characteristic 
i^bperties that the fact that they are cyanides maybe overlooked. ■ 
ijMmers, such as'potassium zinc cyanide (K,ZnOy,), have much 
distinotivenees: they behave more or less os a mixture of two . 
Ijfjwdes and. aie, moreover, so easily decomposed that it may be' 
ymbfed if th^ can exist in dilute alkaline solutions. In reporting 
cyanide atrmigth of a cyanide liquor as equivalent to so much ‘ 


HaCHO + BaOl, + KaHO + H,0 ■ NH, + BaCO, + 1 IfaCa. 
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per cent, of pota^Mum cyanide, there ia a qiiostion an to whether 
thf) cyanide present, in t.lu^ form of any of these dnuble cyanides 
ehouhi lie taken into aiainint. It must he remenihercd tliat the 
object of the assay is not to levni how uinch of t.he cyanide exists 
in the solution ms actual polii.'sjuni crniiide; rep<ntin<c the strength 
in terns of this salt is a mere matter of convenience; what is 
really desired is to know how nineh of the eynnide present in the 
lii|\<or is “free” or “available” fur the puri)nae.s of dissolving 
gold. Kvery one is agreed as to the e.xcln.sion of stich cyanides as 
the following: potassium ferjoevanide (K,Kc(ly,), potii-ssium 
ferricyanido (K.hVOy,,). pora-ssnim silver cyanide (KAgCy,), and 
[Kilassinui anrneyanide (K.Vntly,); and the double cyanides with 
copper or nickel, lint with cyanide liqnoi'S containing sine the 
position is less ealisfaelory. thie method of a.ssay gives a lower , 
proportion of eyanide when tiiis metal is present; and the loss of-''' 
available eyanide thus retiorled depends, though in n^iilfnl afid 
uncertain way, ni>on tlic (■piantil.y of cine pie.sent-. The other 
methovl of a.'-.s.iy rejjoiL-s as full a .stietiuth in cy.inide as if no 
zinc were present. iJnfortunately, using hotli inetliods and 
uccepling the diflerence in tlie I'csnlts nr a nic.tsure of the 
tpi.antity of zinc present, or ai, any rate of the zinc present as 
eyanide, is not satisfactoi y. It appears liesl i,o nso the metliod 
which ignores the zinc; and to eletermiiie the amount of zinc by 
a siieeial assay of tbe liipior for tliis metal. 

'J'he cyanide )>reseiit as liydrogen cyanide or prnssic acid (ftCy) 
is practically useless as a gold solvent. Hence any report on the 
slrongth of a eyaiiiilo liinior which assigned to this the same value 
as its equivalent of alkiilino cyanido wo\ild be misleading. On 
the other h.aud, it is “avail,ihie cyanide’ inasinmli as a proper 
addition of sodium hydnate” wi.nUi restore its value. The question 
of the presence or absence of free prussic acid is involved in the 
larger one as to w hether the cyanide solution has the Hglit degree 
of alkalinity. The assay for “eyanide” should include the 
hydrogen cyanide with the rest. 

A rough test of tho power of a eyaiiido liquor for dissolving 
gold may be made by (loating a gold loaf on its surface and noting,^ 
tbe time required for its solution, 'I’liis test might, perhaps, 
improved by taking, say, 20 c.e. of Ihe liipior and adding three oi^ 
four gold leaves .so tliat the gold shall always he in con.iiderable 
excess. The liquor shonhl nut he diluted a^ this will affect thg , 
result. It should he allowed to stand for a,:defiiiite lime, say at, 
least two or thieo hours, or better, tliat emt^ponding to the tuSid ^ 
tbe liquor is Jpft in contact with the 01 e in actual practice. Thbf' 


Ut:y + KallO = KaCjr + n, 0 . 



CTASIDBS. 


163- 

liquor should toon l)e filtoiod cl'' and, with llio wasliiiif;^, l)a 
eva’rautcd in a lead dish us in tho assay of cjanido liqiioi-s for 
gold \p. 141). The go' I obtained on cupelling, less any gold 
and silver originally picsont in the liquor, would bo the measure 
of the gold dissolving power. 


THE ASSAY POE CYANIDE BY TITEATtON 
WITH SILVEE NITEATE. 


The diilerminai.iou of the. quantity of a cyanide is made by 
finding how much siUt'r nitriito i.s j-equired to ctuivert the whole 
of the ej’anido inlo pidassium silver eyanido' or one of the allied 
compoioids. It will he seen froni*lhe equal ion that 170 jiavts by 
weight, of silver uitrato are rotpiiied for 130 ttaiis hy weight of 
potassium cyanide. A,s already exjilainoil it is cnslomary to 
.report tho cyanide-,strength in teruio of potassium cyanide, oven 
when only t,he sodium salt, is present. One gram of pota-ssinm 
cyanide will re([uir(i 1.3076 gr.-im of silver nitrate. The slaii'lurd 
sohitkm <1/ silmr iiilrute is irnulo by dissolving 13.076 gi".im.s of 
silver nilrate in distilled w;der and diluting to i litre; 100 c.c. of 
Bueh a solution are equivalent to i gram of potassium cyanidc.t 

The titration is pei formed in the usiail way, runniirg the 
standard solution of siltt-r nitrate into a solution coiituimiig a 
Imowti weight or vohmu! of the material containing tho cyanide, 
riie jininhing point is detennined in one of tw'o ways, both of 
which are largely used. In the first place, as long as there 
remains .any free cyanide in tho solution the silver nitrate will 
combine with it forming the double cyanide and yielding a cleai 
solution ; hut as .soon tas all the iree cy.anide is used up the silver 
nitrate will rciu.'t with the double cyatiidef forming silver cyanide, 
which separates as a white precipitate and romlers tho solution 
turbid. But. in tho second place, if pota.s.sinm iodide is pre.sont 
in tho solution the excess of silver nitrate will react with 
it,§ rather than with the double cyanide; and silver iodide will 
separate as a yellowish turbidity which is easily recognised. 

In working with pure solution.s, the two finishing points give the 
same results; and this is true even when there is much difl'cronee 
in the degree of dilution. The finishing point with the iodide. 


• aKCN -s AgNO, = KAg(CN),, KNO, 

t E it be desired to make a suiuton so that 100 c.c. shall be eqnivalest 
to I gram of sodium cyanide, then 1S.085 grams of silver nitrate should be 
taken for each litre. * 

. t AgNO, KAgCy, = 2 AgOy + KNC^ 
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however, has an advantage in precision. Moreover, it is but 
little affected by variations in alkalinity, wliicli render the other 
finishing point quite useless. The great difference betweefi the 
two is shown when zinc is present in the solution. In this 
case, -whon working without the iodide, the first appearance of 
a turbidity is less distinct; the turbidity increases on standing 
and as a finishing point is unsatisfactory. It can be determined 
with precision 011/y by very systematic working and after some 
exjierience. The turbidity is duo to the separation of an insoluble 
zinc comjKiund. A most important point (to which reference has 
already been made) is that less silver nitrate is required to give 
this turbidity and, consequontiy, a lower strength in cyanide is 
reported. On the ether hand, as much silver nitiate is requii'ed’ 
to give the yellow turbidity due to silver iodide as would be 
required if no zinc were present. 

Unfortunately the difference in the two titrations does not 
depend merely on the qnkutity of zinc present; as it is also 
influenced by the extent of dilution, the degree of alkalinity of 
the solution, and the quantiny of cyatudo present. In an 
experiment with .055 gram of zinc sulphate and .1 gram o0 
potassium cyanide the difl'orcnce in the two finishing points w^ 
only .1 C.C. ; whereas with .4 gram of potassium cyanide, 
other conditions being the same, the difference was 1.5 cxs.-bJ 
standard silver nitrate. On the assumption that all the zinc was 
present as pobissium zinc cyanide (K^ZnCyJ the difiference should 
have been 5 c.c. in each case. Again, repeating the experiment 
with .4 gram of potassium cyanide, but with .11 gram 6£- 
orystallised zinc sulphate, the difference was 6.5 c.c.: that is, 
merely doubling the quantity of zinc increased the difference by 
more than four times. Hence it would appear better to use the. 
method with the iodide and make a separate assay for the zinc. 
But since the student may be called on to use the other method, 
he is advised to practice it also. 

The assay without iodide.—The standard solution of silver' 
nitiate is placed in a small burette divided into tenths of a . 0 . 0 , 
Ten 0.0. of the (yitnide solution to be assayed is tionsferred to a 
small fla.sk and diluted with water to about 70 c.c. 'Hie sily« 
solution is then run in from the burette (with constant shaking, 
of the flask), a little at a time but somewhat rapidly, until 
permanent turbidity appears. Since I c.c. of the silver nitral^ 
solution correspondis to .01 gram of potassium cyanide, it alto, 
corresponds to .1 per cent, of this salt co.mted on tlie lo o.c. ^ 
cyanide solutkou taken. The titration should be performed in;#' 
fairly good uniform light. The learner should practice on’;#; 
fairly pure Solution of potassium cyanide at first, and this 
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eonTeniently have a strength of about i per cent. Ibr practice 
witli,solutions containing zinc make a solution containing i.i 
gram of crystallised zii,'.- sulphate in loo c.c. and slowly add 
measured (juantities of from i to 5 c.c. of this to the lo o.c. of 
cyanide liquor before diluting for the titration. 

If a cyanide solution blackens on the addition of the silver 
nitrate it contains sulphide. In this case, shake up a considerable 
bulk of the liquor with a few grams of lead carbonatf, allow to 
settle .and moke the assay on 10 c.c. of the clear liquor. , 

If the cyanide liquor be suspected to contain free prussic acidj 
take 10 c.c. for the assay as iLSual; but, before titrating, add .1 
or .2 gram of sodium carbonate. On no condition must caustic 
soda or ammonia be added. The difference between the results, 
with and without the addition of carbonate of soda, is supposed 
to measure the quantity of free prussic acid. If this has to be 
reported it is be-st done as “prussic acid equivalent to . . . per 
cent, of potassium cyanide.” Suppose, for example, the difference 
in the two titrations eq\ials i c.c. of standard silver nitrate; the 
pruasic acid found would bo equivalent to .i per cent, of potassium 
cyanide. 

The assay with iodide.—^The standard solution of silver 
nitrate is placed in a burette divided into tenths of a c.c. Take 
10 c.c. of the cyanide liquor, which should previously have been 
treated with white lead for the removal of sulphides if these . 
happened to be present. Transfer to a small flask, add 3 or 4 
drops of a solution of potassium iodide and 2 or 3 c.c. of a 
solution of sodium hydrate; dilute to 60 or 70 c.c. with water. 
If mueh zinc is present the soda may bo increased to 20 or 30 c.c. 
with advantage. The standard solution should be run in some¬ 
what rapidly, but a little at a time, so that the precipitate atflrst 
formed shall be small and have only a momentary existence. 
The titration is continued until there is a permanent yellowish 
turbidity. The most satisfactory and exact finish is got by 
ignoring any faint suspicion of a turbidity and accepting the 
unmist^ablo turbidity which the next drop of silver nitrate is 
Sure to produca This finishing point gives results which are 
.exactly proportional to the quantity of cyanide present; and it 
ban be recognised with more than ordinary precision even in 
,jolutionB which are not otherwise perfectly clear. 

> Each O.C. of the standard silver nitrate solution corresponds to 
gram of potassium cyanide; and if 10 o.c. of the liquor are 
^j^dton for assay this corresponds to .1 per cent, or 2 lbs. to the 
i^ort ton or a.24 lbs. to the long ton. As already explained the 
^C^lt should be reported as “cyanide equivalent to so much {wr 
of potassium cyanide.’' 
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The following experiinental results were obtained with a solution 
of potus'-iiim cyanide made up to contain about 1.2 percent, of 
the sulli. 

Effect of varying cyanide.—The bulk before titration was in 
eatdi ease 60 c.c.; 2 c.c. of soda and 3 drops of pohas^ium iodide 
were used in Rich case. ' 

Cyanide added 40 c.c. 30 c.c. 20 c.c. 10 c.c. 5 c.c. i c.c. 

bilvcr icquiied 47.0 c.c. 35.25 c.c. 23.5 c.c 11 7 c.c. 5.8 c.c. 1.15C.& 

Accepting the result for 40 c.c. as correct, the others are in 
veiy sat isl'aclory agi'pcrnent. 

Effect of varying dilution.—^Tho condilioius were tho.se of 
the 40 c.c. e.NiKuiuient in the last series; but varying amounts of 
water wore, vised in diluting. 

Water added .„ none 100 cc. 200 cc. 400 c,a 
hilvci required ... 47.0 c,c. 47.0 c.c 470 c.c. 47050.0. 

Veiy considerable dilution tberefore bas no effect. 

Effect of varying soda.—-Tbe coniiitions were those of the 
40 c.c. e,\'p u-itucui. I’l the first sersec, t.\rept that varying amounts 
of soda solution were used. 

Soda added ... .„ none 10 c.c. 30 c.c. 

Silver required ... 46 95 c.o. 47.0 c.c. 47.0 0.0. 

This alkali therefore has no prejudicial effect. 

Effect of ammonia. Sudn 'jaiwK turliiditv in some cyanide 
liipioiv : iiitb these it slioiiM be riqilafed by 2 or 3 c.c. of dilute 
ammonia with a gram or so of amiuoiiiuni eliloride. Tbe following 
oxiioriments witli dilute aiumonia show thaL larger ijuantities of 
this re igent minst be avoided. 

Ammoniii added ... none 10c.c, 30C.C. 600.0. 

Silver required ... 46.950.0. 47.15 o.c. 47.70.0. 49.5 c.c. 

Effect of sodium bicarbonate.—In tins experiment i gmm 
of bicarbonate of soda was used instead of the soda or ammonia • 
of tho other experiments. The silvei' nitrate reijnired was only 
46.45 c.c. instead of the 47.0 c.c. which is the normal result. 
This is probably due to tbo liberation of prussic acid and shows 
the iinpoilame of having the solution alkaline. 

Effect of zinc.—In each experiment 40 o.c. of the cyanide .'‘■ 
solution and .5 gram of zinc sulphate ciystals w.-ro used and the -? 
bulk was n’ade up to 100 c.c. before titrating. . 

Soda added ... i c.c. 5 c.o. to 0.0. 25 c.o. ■; ■ ' 

Silver required ._ 47.1 c.o. 47.0 c.o. 46.900. 46.90 c. , 

The work was easier with the more alkaline solutions. The' 
titgation in the presence of zinc is comparatively easy, but, 
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learning it, it is well to have a burette with cynnido so that if a 
titration be overdone it ■ :• n ho brought bark by tho addition of 1 
or 2 c.c. more cyanide and ihe iinish repeated; a qiifiiier of an 
hours work in this way will ensure ronlidenoe ir ^!io method. 

Ellect of other substances.—Hwa.s foiim: Uiat an alkaline 
cyanate, sulphocyanato, ferrnryauide, nitrite, borate, s'licate or 
carbonate lia-s no effect. The fei’rir.yanide bad a small Influence 
and, as might be expected, li_\ |afrulpliito is fatal to the ass.a.y. 
The addition of sails of lead and cadmium was without cfleot. On 
the other hand, nickel prodoias d-s full eflert; and the quantity 
of nickel added can be calciilati li witli areuracy from tlie extent 
of its interference with the litration. 

Assay of oommcrcial oyatiiclo of potassium.—Break off 
20 or 30 grams of the ryaniile in clean fresh piece.', weigh 
accui'ately to the nearest centigram. Tlissoho in water containing 
a little .sodium hydroxide; transfer to a 2-litio flask: dilute to 
' a ]itre.s; add a few grams of white lead; shake up and iillow to 
settle. Kun 50 c.c. of the clear liquor from a Imrelto into an 
8 oz. flask ; add 2 or 3 e.c. of soda solntiou and 3 drops of 
pollussiuiu iodide. Titiato with the standard solution of silver 
nitrate. Tho percentage may ho ealeiihiled by midtiidying the 
numljcr of c.c. used by 40 (50 c.e. is one fortieth of the 2 litres) 
and dividing by tho weight of conimeicial cyanide originally 
taken. 

Alkalinity of comniereial potassium cyanide and of 
cyanide solutions.—-Tljdrocyauic acid like carbonic acid has 
no action 011 methyl-orange;* hence the alkaline eyauides may 
be titrated with “ normal tudd ” as easily as the csirbonates or 
hydrates. 100 c.c. of normal acid will neutralLso 6.5 grams 
of pure potassium cyanido.t A solution of commercial cyanide 
prepared as for the assay last dc.seiihi'd, but bo.st wilhojit the 
addition of white lead, may ho u.sed for the test. Take 50 c.c. of 
it; tint faintly yellow with melh3’l-orangc and titrate with normal 
acid till tho liquor acquiics a permanent reddish tint. In tho 
case of the purer samides of cyanide tho quantity of acid used 
v.ill correspond exactly with tliat icquired to neutralise the actual 
quantity of cj'anide present as determined by the as.s.ay with 
nitrate of silver. Tho less puro ramph-s will show an excess 
of alkalinity because of the presence of sodium cuhonate or 
bf potassium cnihouatc. 

' In comparing the alkalinity and cyanide .strength of a solution 
ihe simplest plan is to take 65 c.c. of tho solutian and titrate 

' • See pp. 322, 323, and 324 for a description of the methods for measar- 
tag the quantity of acid or alkali. 

+^( 1 N + HCl = KCl + HON. 
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with normal acid; for in this case each c.c. of normal acid oai<-' 
resjionds to .i per cent, of potiVisiiim cyanide. Jn systeanatio 
assiiys of this kind, the alkalinity would no douht be generally 
hi excess of that required by Uie cyanide present: there wouH 
be no iuconvenieuce in recording such excess in terms of jxitassium: 
cyanide. 

Determination of the acidity of an ore —Most ores 
have the power of destroying more or less of the alkalinity of 
a cyanide solution and in a proportionate degree of damaging its 
efficiency. An assay is needed to determine how much lime or 
soda must ho added for each ton of ore in order to counteract 
this. Wliethcr this acidity should lie reported in terms of the 
lime or of the soda required to peutralisc it will depend on which 
of these reagents is to be used in the actual practice. Again, if 
the ore is washed with water before tieating with cyanide on the 
large scale, then the .uisay should be made of the acidity of the 
ore after a similar washing. 

The sUi/ndard snlutimis of orid and alhali used tor this 
detorminatlon may be one-lifth normal. 200 (^e. of the normal 
solution should be diluted to J litre in each ciiso. 1 c.c. of the 
resulting solutions woitld lie equivalent to 8 inilligiams of soda 
(NaHO) or 5.6 milligrams of lime, OaO. it must lie remembered' 
this refers to tho pure bases in each case. Suppose it is 
desired to report as so many llis. of lime to the short ton (2000 lbs.) 
of ore. Since i c.c. of the standard solution is equivalent to 
5.6 milligrams of lime, if we take 2000 times this weight of ore 
(i.e. 11,200 milligrams or 11.2 grams) for tho assay, each c.c. of 
standard solution will be equivalent to 1 lb. of lime to tho short 
ton.* 

Total acidity.—Weigh out 11.2 grams of the ore, place them 
in a four-inch evaporating dish and measure on to it from a 
burette 10 or 20 c.c. of the standard solution of soda. Stir the 
soda solution into the ore and allow to stand for 15 or 20 
minutes with occasional stirring. Stir up with 30 or 40 c.c. of 
water, float a piece of litmus paper on the liquid and titrate with 
the standard solution of acid. If the ore is strictly neutral the 
quantity of “acid” required to redden the litmus will lie tiie 
same as tlie-quantity of “soda” originally ased. It tiie oieiist 
acid, less add will be used. For example, if i-' c.c. of soda were 
used and only 7 c.o. of acid were required, the ore will have dom 
the work of the remaining 3 c.c. of acid. -Vnd the ton of ore 
require 3 Ibs-^of lime to neutralise its acidity. 

* Taking 16.0 grains of ore, each 0.0. ■= i lb. of soda to the short 
corresponding figures for the long ton are 12.544 grams for limaim 
1^2 grams for soda, , ' 
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Acidity after washing.—Take 11.2 gram* of the ore; wash 
thoiotighly with water an l immediately treat the residue, without 
drying, exactly as just de.seribod. 

Examination of cyanide solutions for metals, &c.—Take 
a moa.sured quantity of the solution, say 20 c.c.* .ul evaporate m 
a small dish with, say, hiilf a c.c. of strong sulphuric acid. 
Evaporate at first, on a water-hat,h in a well ventilated place, but 
finish off with a iiaked liunsen fliiino, using a high temperature at 
the end in order to completely decompose the more refi'actory 
double cyanides. Allow to coo'; moisten with strong hydro¬ 
chloric acid; warm with a little water aixl test for the metals in 
the solution by the ordinary methods. Since the quantities of 
the metals likely to be pro.>eut may be given in milligrams the 
work must be carefully performed. It may 'w worth while to 
determine the proportions of lime and magnesia as well as those 
• of the metals proper. 

Or the 20 c.c. of cyanide liqvior may bo evaporated with 5 c.c. 
of strong uiliic acid to dryness and gently ignited and the 
residue tiiken up with 2 or 3 c.c. of strong liydrochloric acid. 

Copjsjr, iron, and zinc can he rapidly determined in such a 
solution, as follows. Dilute with water to 10 or 15 c.c., add an 
excess of .ammonia, and filter. The prccipil.ale will contain tho 
iron asfenic hydrate; dissolve it in a little hot dilute sulphuric 
acid; reduce with sulphuretted hydrogen; boil off the excess of 
gas, cool and titrate with staudai-d potassium permanganate 

i p. 236). Determine the copper in the filtrate colorimetrically 
p. 203); but avoid further dilution. Then add dilute hydro¬ 
chloric acid. so as to have an excess of 4 or 5 e.c. after neutralising 
the ammonia; add some clc.^!! strips of IkuI foil, and boO until 
the solution has for .some time become colourless. Titrate with 
standard potassium ferroeyanide (p. 263) without further dilution, 
and bearing in mind that at most only one or two c.c. will he 
,required. 

Examination of nn ore for “ cyanioides.”—Place 100 
fgrams of the ore with 200 c.c. of a cyanide solution of known 
'Strength (say .i or .2 |jer cent.) in a bottle ivnd agitate for a 
’ ^finite time, snch as one or two days. Filler oil' some of the 
| 3 hquor and assay for cyanide, using say 20 c.c. Calculate how 
(Much cyanide has been dastroyod in the operation. Evaporate 
^0 C.C. with sulphuric or nitric acid and examine for metal. Test 
fejother portion for sulphides, &a 

I, The student who has mastei’ed the methods of^assaying can' 
'j|h»tly improve himself by working out such problems as the above. 
^ f In which case each ,01 gram of metal found equals I lb to the efipit 
j^iUB^-solnUoa. 
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PLATIXTTM. 

Plfitinum occurs in iial iii-e in allnviiil dciiosita asaocinted vrith 
gold 1111(1 amric. rave metals, generally in fine, nielnllie grains, and, 
ocRiWonally, in nuggets, it is a grey metal with a liigh spooifio 
gravity, 21.5 when pure and aliout 18.0 in native specimens. It 
IS fusiiilo only at the highest tcuipcralurc, and is not acted on by 
acids. 

it is dissolved by warm af|ua regia, forming a solution of 
“platinic chloride,’' il,Pl.('lj. 'I'his .suhstaiieu on evaporation re- 
niain.s as a browiii.sh ivd delique.scent mass; on drying at 300* 0. 
it is com erted into platinous ehloiide, PtCl., and becenie.s insolublo, 
and at a higher temperature it Ls converted into ]ilatinum. AU 
platinum eoiupoiinds jneld the uichd in this way. Platinic 
chloride comhines willi otIuT chlorides to form double salts, of 
which the ainmonic and potassic plalino-chloride.s are the most' 
imiHirtaiit. , 

Platimnn alone is not soluble in nilric acid ; 1 ut when alloyed 
with other metals which dis.s(,.ire in this acid it too is dissolv'uJ; 
so that in gold parting, for c.\.im;dc, if pt'il'.niiiii was }iresent, 
some, or periiaps the whole of it would go int.) solution with the 
silver. Sueli alloys, however, wlieu treated with hot sulplmric 
acid leave the platiimm in the residue with the gold. 

Platinum is deteolcd when in tlie metallic state by its {physical 
chainclcrs and iusoluhility in acids. 1 u idloys it may he found by 
dissolving them in nitric acid or in aqua reghi. evaporating with 
hydriH'hloric acid, and treating the filtrate wilh ammouic chloride 
and alcohol. A heavy yellow ;ireci{iitate marks its pi'esence. 

The ass.ay of bullion, or of an alloy containing platinum, may 
be made as folloMs; Take 0.2 gram of the alloy and an eqii^ 
weight of fine silver, ciqiel with sheet lead, and weigh. The loss 
in weight, after dudueting that of the silver added, gives the 
weight of the base metals, copper, lead, kc, Platten the button 
and jiart. by boiling with strong sul{(huric acid for several minutes. 
WJi»ii coM, wash, anneal, and weigh. The weight is that of the 
platinum and gold. The silver may be got by difi'erence. lie: 
cupel the metal thus got with 12 or 15 times its weight of silver,; 
flatten and piu't the gold with nitric aeid in 'lie usual way (see 
under CM), and the platinum will dissolve. The gold may con-, 
tain an all((y of osmium .and iridium; if s(', it should be weighed^ 
and treated with aqua regia. The osmiridium will remain as ant 
insoluble resnlue, which can he separated and weighed. Its weight 
deducted fram that previously ascertained will give the weight ^ 
tlfe gold. 
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When the platintnti only is rctiniroil, tho alloy must he dissolved 
by jHvloiiS®! treiitmei.t with noun regia, the solution evaporated 
to dryness, and the resio .e exlrnctod ivitli water. Tlie solution 
thus ohtaincd is treated with auimonic chloride in large exce.s.s 
and with .soiiio alcohol. A ajiariiigly soluble.* '"’iow ammoiiic 
platiiuiiii chloride is thrown down, mixed, perhaps, with tho oorro- 
eixmdiiig salts of other metals of tho ]>lutiuum group. Gold will 
he in sedution. 1'he solution is allowed to .stand for so- lu time, 
and then th. precipitate is liltored olf, wasliod with alcohol, 
dried, and tvausfeiTed (wrapped in the (liter paper) to a weighed 
crucible. It IS ignited, Kculty at iirst, a.s there is danger of vola- 
tilirlng somo of thi'platinum chloride, and afterwards inten.sely. 
Witli large c(naiititic‘s of platinum the igidtion should l)o per- 
formiMl ill an atmasphero of liydrogeu. Cool and weigh as 
metallic plaliuum. 

TllimUM 

Occurs in nature alloyed witli osmium as osmiridium or iridos- 
miiiCi, which is ‘‘rather ahuiidant in the auriferous beach sands 
of Noj'thern California” (Dana). It cx'curs in bright motiJlic 
SKiles, wliich do not alloy with lead, and arcc inscdnhle in aipia 
regia. Iridium also occurs in most jilatinmn ores, and forms as 
nnieh as two ]icr cent., of some eommevcial platinum. In chemical 
proiicrlic's it vcscmhlos platinum, hut the amiiionie irido-chloride 
has a dai-k led cedour, and on ignition leaves metallic iridium, 
whicli docs not dissolve in iU|Ha regia dilulud with four or (ive times 
its vedumo of waler and hciitod to a temponilnn' of 40“ or 50" C. 

Tlie otlicr metals of t he platinum p'oiip are Palladium, ithodium. 
Osmium, and liufheiiium. They ditlcir from gold, platinum, and 
iridium hy the inscdiihility of their sulphides in a solution of 
sodium sulphide. Palladium is distinguislied hy the insoluhility 
of its iodide; and Osmium by the volatility of its oxide on 
boiling with nitric acid. 


MEllCUEY. 

Mercury occurs n.alive and, occasionally, alloyed with gold 
or silver in natural .amalgams; but its chief ore is the sulphide, 
«innahar. It is comparatively rare, being mined for only in a few 
districts. It is cliiefly used in the extraction of gold and silver 
;from their ores (amalgamation); for silvering mirrors, Ac. 

Mercury forms two series of salts, inerourous nud merenrio, 
but for tho purposes of tho assayer the most impoitant property 

\' * 100 c.c. of water dissolves 0.66 gram of the salt; it is almost Uuiolal^ 
liicohol 01 in solutions of ammonic chloridft. 
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ia the eaa© with which it can be j'odiicfid to the metaliiG stAtS' 
from citlior of tliese. Jlercui'y itself is soluble in nitric acid, form¬ 
ing, wheii the acid is hot and strong, incrcuric nitrate. Cinnabar 
is soluble only in aijua regia. Mercurous salts .are generally; 
insoluble, and'rnay be eonveited into mercuric salts by prolonged' 
boiling with o.xidising agents (nitric acid or aqua regia). The' 
salts of iiKu-cuiy arc volatile, and, if hcato.d with a rediuang agent 
or soitie body capable of fixing the acid, metallic mercury is given 
oil', a hich may bo condensed and collected. 

iMercury is separate'] from its solutions by zinc or copper, 01': 
it may be thrown down by stannous cblondo, which, when in 
excess, gives a grey powder of metallic mercuiy, or, if dilute, a 
white irystillino precipitate of mercurous chloi'ido. Kitrie acid 
solutions of mercuiy yield the "metal on electrolysis ; and, if the 
polo on which the metal comc.s down he miido of gold or copper) 
or is coaled with those, the separated mercury will adhere thereto. 
It may’ thru lwi washed .anfi weighed. 

The host tests for mercury next to ohtiining globules of the 
metal are- (1) a black pi'tsoipftite with subphuretted hydrogen 
from acid solutions, wliich is. iason'l'lc in nitric acid; and (a) 4 
white prodpitiLo with stannous cblorido. 

DET METHOD. 

Weigh up 5 grams, if the ore is rich, or 10 grams, if a poorer 
mineral. Take a piece of combH.stion tube from 18 inchos to 
2 toet long, closed at one end, and place in it some powdered 
magnesite, so as to fill it to a depth of 2 or 3 iiiche.s, and on that 
a layer of an eqmd quantity of powdered lime (not slaked). Mix 
the weighed sample of ore in a mortar with 10 grams of finely' 
powdered lime and transfer to J.he tube; rimso out the mortar 
with a little more lime, and add the rimsings. Cover with 4. 
layer of six or seven inches more lime and a loosely fitting plug 
of asbestos. Draw out the tube before the bloavpipe to the shape. 

shown in fig. 47, avoid-, 
' - —^ ing tho formation of <4 

fa ridge or hollow at the 

a bond wh’ch might col*. 

Fin. 47. 1 “* mercury. .Tag 

gently', holding the tunm 
nearly horizontal, so as to allow sufficient space above the m^ 
ture for the passage of the gases and vapours which are fona^ 
Place the tube in a “ tube furnace,” and, when in position, pli^ 
a small beaker of water so that it shall just close the opening® 
the tube, the point of the tube should not more thaa to'c^ 
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the surface of the wa!cr. Bring the tiihe gi’ailually to a red heat, 
OoamuBcing by heating the lime just bcluud the asbestos plug, 
Mid travelling slowly bac;. ards. When the portion of the tube 
containing the ore lias hcen halted to rodiies;( for some time the 
heat is cairied baek to the end of the tube, "'he magnesite 
TESidily gives up carlionic acid, which fills the tube ....d swcep.i the 
mercuiy vapour before it. Some of the momiry will have dropjieil 
into the b^cr, and some will remain as drops adherio" to the 
upper part of the nock. Whil-t the tube is still hot cm, off the 
'neck of the tube ju.st in front of the .asbestos plug (a drop of 
■water from the wash bottle will do this), and wash the mercur 
from the neck into the beaker. Tlie mercury easily collotis inU. 
a globule, which must he transferred, after decanting off the bulk 
of the water, to a weighed Berlin claicible. The water is removed 
from the erueible, first by tlio help of filter pajier, and then by 
exposing in a desiccator over sulphuric acid, where it should 
be loft until its weight remains comivant. It should not be 
warmed. 

Example :—5 grams of an ore treated in this way gave 4.264 
grams of mercury, equivalent to 85.3 per cent. Pure cinnabar 
contains 86.2 per cent. 


W£T METHODS. 


SdiUion .—Since solutions of chloride of mercury cannot be 
boiled without risk of loss,* nitric acid solutions should be used 
wherever possiMe. No mercury-containing minerals arc inso¬ 
luble in acids; but cinnabar requires aqua regia for solution. In 
dissolving this mineral nitric aidd should be used, with just as 
iauch hydrocklorio acid as will suffice to take it up. 

, To separate the mercury, pass sulphuretted hydrogen in con- 
eiderable excess through the somewhat dilute solution. The 
precipitate should be black, although it comes down at first very 
tight coloured. It is filtered, washed, and transferred back to 
the beaker, and then digested with warm ammonic sulphide. 
Tbe'residue, filtered, washed, and boiled with dilute nitric acid, 
Trill, m the absence of much lead, be pure mercuric sulphide, 
ijtf much lead is present, a portion may be precipitated as sulphate, 
put can be removed by washing with ammonic acetate. To get 
^ mercury into solution, cover with- nitric acid and a few drops 
^ hydrochloric, and warm till solution is effected. Dilute with 
^frater to 50 or 100 c.c. 


^*'.lccoidiiig to Fersonne meccurio chloride is not velatUised bom boil' 
J^;)iplotioii 8 when alkaline ohloiidea are present 
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GEAVIMETHIO DETEEMIWATION. 

This may bo made by eUdrohi'ns. The S!).n)e apparatus' as is 
used for tlie electrolytic copper assay may he employed, but 
itisleiul of a cylinder (jf platinum one mt out of sbeet copper 
should be taken, or the platinum erne may ho coated with an 
evenly deposited layer of copper. Fix the spiral and weighed 
copjier cylinder in jiosition, couple up the battery, and v-ien thii 
has been dons put the nitric .acid solul.ion of the menairy in its 
place.* The student lia<l better refer to tlie doscripliou of the 
/Clfctroh/lic Odjy/iiir Assai/. 

The mercury comes down readily, and the precipitation Ls com¬ 
plete in a few houns: it is licttor to leave it overniglit to make 
sure of complete reduction, ilisconncct the iippioul.ii.s, am! wash 
the cylinder, first with cold water, then with alcoho!. T)ry by 
pl.acing in the w.atcr oven for two or three minides. (’ool and 
weigh: the increase in weight gives the amount of metallio 
mercury. 

It must be I’emomlsired tb.'Ui copper will precipitate mercui’y 
without the aid of the h.atterv; but in thi.c c.i.-e copper will, ge 
into solution with a con.swj'icnt loss in the wcigiit of the cylinder: 
this inu.st bo avoided by connecting the hatteiy licfore, immers¬ 
ing the electrodes in the aasay seJution. The electrolysed solu¬ 
tion should be treated with an excess of ammonia, when a blue 
coloration will indicate copper, in which case the electrolysis is 
unsatisfactory. With a little care this need not bajijcu. Gold 
cylinders may preferably bo used instead of copptw; but on 
platinum the depo.sit of mercury is grey and non-adherent, sc 
that it cannot be vviishcd .and weighed. 

VOLTJMETEIO METHODS. 

Several methods have been devised ; for the details of those tlie 
student is referred to Sutton’s “ Handbook of Volumetric Ana¬ 
lysis.” 

QfUSTIONS. 

1. The Rjieoific praxaty of mercury is 13.596. What volume would 

8 grams occupy ? 

2. 11-3.169 grants of cinnabar gave 2.718 grams of m<.reiBy, wli.at would 

be the percentage of the metal in the ore 1 

3. Pour solution of mercuric ciilorido on mercury and explain wind 

happens, 

4. On dissolving a3 gram of mercury in hot I'irric acid, and pa-ssing 

sulphnretled hydrogen in excess throa,;h the diluted solution, 

what weight of precipitate will be got ? 


* The solntion should contain about 0.25 gram of meiouiy, and a laigt 
iggeu cf nitriff acid must be avoided. 
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OnAPTEll X. 

COPPEil--I*EAD -THALLITTM -BISMUTH - 
ANTIMONY. 

COPPER. 

CoppEU opcuPB native in large quantities, especially in tlie ^jake 
Snneiior ilistrict; in this stjite it is general;/ pnrc. More 
frequently it is found in eomliination. The ores of copper may 
^ cliissed as oxides and sulpbides. Pl.e most almndant oxidised 
are the carbonates, malachite and cli&ssylitc; the sdicates, 
^ also the red and blimk oxides, occur less abundantly. All these 
yield their copper in solution on boiling with hydrochloric amd. 

The siilidiides .ai'e more abundant. Copper pyrito.s (or yellow 
ore), crube.scite (or purple ore), and chalcocite (or grey ore) .are 
the most inipoi-tant. .Iron jiyiitcs generally carnes copperand 
is fiapiently associated with the aliove-mentioned minerals. These 
are all attacked by nitric acid. They nearly all contain a small 
quantity of organic matter, and freiiuently considerable quantities 
of leiul, zinc, silver, gold, arsenic, bismuth, ttc. . , c 

Tho copper ores are often concontrated on the mine before 
bein g sent into the market, cither by smelting, when the product 
Is a revulua or matte, or by a wet method of extraction, yielding 
cement copper or precipitate. A regulus is a sulphide of copper 
and iron, carrying from 30 to 40 per cent, of copper. A precipi¬ 
tate, which is generally in the form of powder, consists mainly of 
metallic copper. Either regulus or precipitate may be readily 

dissolved in nitric acid. - .mi. 

Copper forms two classes of salts, cuprous and cupne. Ihe 
former are pale coloured and of little imjmrtance to the mssayer. 
'-Ihey are easily and completely converted into cupric by oxid^ng 
agents. Cupric compounds are generally green or blue, and an* 
Wiluble in ammonia, lorming deep blue solutions. 
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DRY ASSAY. 

llfit, for copper, next after those for poW and silver, bolds 
more importa.nt position than any other dry assay. The sale of 
copper ores has been regulated almost solely in the p.ast by assays. • 
made on the OornLsh method. It is not pretended that tliisr’' 
method gives the actual content of copper, but it gives the pur- 
ch.'user an idea of the quantity and quality of the metal that can 
be got by smelting. The process is itself one of smelting on a 
small scale. As might be exiieeted, however, the assay produce 
and the smelting produce are not the same, there being .a smaller. 
loss of copper in the smelting. Tlie method hits worked very 
■well, but when applied to the purehase of low class ores (from 
which the whole of the copjms is extracted by wet methods) it is 
unsatisfactoiy. The following table, which embodies the results 
of several years’ experience with copper assays, shows the loss of _ 
copper on ores of varying produce. The figures in the fourth 
column show how rapidly the proportion of copper lost increases 
as the perecntiq'e of copper the ore falls below 30 per cent 
For material with more (h.an 30 p'»i cent, the proportion lost 
in inver.se proportion to the copper present. 


liOSS OF COPPER. 


Coppor present. 

Dry Assay. 

Mftrgln. 

Loss on too Perto 
of fopper. 


Per eenL 

Per cent. 


10(3 

98 

2.J 

2.0 

95 

924 

2-5 

2.0 

90 

S 7 i 

2.6 

2.9 

85 

S23 

2.6 

30 

80 

771 

2.6 

3-2 

75 

72! 

2.6 

3-5 

70 

674 

2.5 

3-6 

65 

62 i 

2.5 

3-8 i 

60 

57 l 

2.4 

4.0 

55 

523 
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Tlio Hi t, iiMiv ill'!! "4 Kikuyu, tlio dry iissiiy cun bo ciilculalcd 
will! till' 1k I|i of U." m'iovo t.ililo liy doductiiif; tlio ainonid. in tlio 
cobimn livadiiii “ iiiai ,in (i|ipo'.ili; i.no coi rc.-iiiomlino |HTCciil:i{;e. 
For fxaiiii'lc, if fill' \'| t. ni'Kiiy oivcs :i jivodiicii of 17.T2 iicr cont., 
tliri’o slio'ild IK! di'ducfi'il 1.5 i fbo dry .laKny would tlioii bo 15*62, 

til', '■iijco 1 bi* fruclions iii'ealwaysoxjirosKod ill oijildliK, 15,^. Wiib 

iiiiiuiro .i!'o-,foiit;dniiio from 25 to 50 iier cent, of copper, tbc dif- 
foroiicis may I'" pcibap.s ;} "rcater. 

Wet luethods :iro cradmdly rcjilacino the dry assay, and it is 
prolxil'lc tlict 111 tbo futiiro they will siiju'rsedc. it; for .stock takiiif;, 
and ibc v.nions ilclcriniiiatioii.s reipiired iii .suicltiiio ivorksand on 
mine-, Ibcy arc o,.,-,orally .adopted, beeanse tlay frive tlic actual 
cupper I'onlents, and since i!' is obvious (bat a kuowlcdoe. of this is 
niuri' v:ibi.ib!c (o Ibe niincr and smelter. Moreover, tbo woiking 
of ibc dry method Inis been luouoiioluscd by a small rins; of 
ai-.sayer.s, with flie donblo rc.sidt of excitinj; ontsiile jealousy and, 
wor.so still, of retiu'ding llic development and improvement of the 
proce.ss. 

The iirincipal .stapes of the dry assay are : (i) the concentration 
of Ibe copper in a I'epulus; (2) the .se[iar!ition (d' the sulplnir by 
cali-ininp; (3) the reduction of tbo copu'cr by iusion; and (4) the 
relining of (be metal obt.iined. 

Tbe whole of these operations are not nece.ss;iry with all coppier 
matcriiil. Ores are woiiied through all the stage.s; with mattes, 
the prelimin.ary fusion for rcgulus is omitted ; prcci)iita(es are 
simply fused for coarse copper, and relined; and bh.sler or bar 
coppers an refined, or, if very pure, subjected merely to washing. 

The qiiautily of ore generally taken is 400 grains, and is known 
as “a full trial” ; but for rieb material, containing more than 50 
per cent, of copfier, “ a half trial,” or 200 grains, is used. 
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Fusion for Regulus.—Tlie oro (either with or without a 
previouK tVe! loil.'tiiii; to iri'l riil of any fioess of sul))hur) 
is with imrax, glass, liioo, aiul floor .s|Mir; iiiol, io st^iiio 

CiiH's, wilh iiitiv, or iioo ))yriU's, accoriliug to the quality of tlie 
ore. ’I'lio oii'.toi'c i.s j.hircil in .'1 lingo t'orni.sh crucilile, and 
lu'iilod as oiiiforiiily as ii"S,'ilile in (ho wind furnace, {'niduidly 
raising tloj Icnipcraloi'e so as to melt dimu the charge in from 
15 to 20 miiinlcs. The crocihlo is ronm-od and it.s contents 
jvooicd into an iron nioidd. When Iho slag i.s soliil, it ia taken 
up wall l\\cc,.ei‘s and quonclH'd in water. 'I'he regntus is easily 
delindied fi'oio tlie slag. It should be convex above, and easily 
brohen, have a I'eddisli blown eoloiir, and eonlaiti from 40 to 
60 per rent, of copper. A reguliis willi mere l.ban this is ‘‘too 
thn*,'’and with less “(00 (o.ir o.’* A ngulus whicli is too l.ne 
i.s round, eomnati. bard, and of a d.'.rl; b!ui.-b grey on t.bo 
freshly biohen surf.iee. A eoii-sc reguluii is Hat and coarse 
giaioed, and more ne.iily 1'Cbcmble.s sulpliide of iron in iraeture 
aiel colour. 

Jf an as,say yi.lds a regnhis “too coarse,” a fresh detorinina- 
(ion i.-' in.'.d.' w'ii.b more in'.re. ailded, 01 (iie loasling is earned 
fin tlier. Wiib low el-iss ores somewdial ei'aise regulus is au 
iidvaiitagc. II, on the ollie.r liaiid, the ris'oius is too tilwi, less 
nine or Uos c.kisI ing is the remedy. With giey copper ores 
and (be oxidisi-d ores, iron pyrites is addeil. 

Calemiug tho Regulus.— It is jiowdered in an iron mortar 
and Iransfened (0 a small tlornisli ei'iieiblc, or (if the roa-sting is 
to be done in toe muHle) Io a roasling dish or scoiificr. 'I’he 
caleiiiing is eairi“d out at a dull rial heat, which is gradually 
inceeiaied. 'I'lie charge requires constant Btirring at first to pre¬ 
vent clot ling, hut towards the end it bi'comes sandy and 
requires less attoutiou. If tho tempeinture during calcination 
has been too low sulphates are formed, wliich are again ri'ducod 
to snlphiih's in tlie suhseqnent fusion. To prevent this tlie 
roasted regii'iis is reralciiied at a higlier tempeiiUiire, after lieing 
nibbed np with a little anthracitrO. 'riie roasted suhstiinee must 
not smell of hiirning sulphur when hot. It is practically a 
mi.vtiire of the o.vides of (sqijier and iron. 

Fusion for Coarse Copper.—'Tho calcined rpguln.s is mixed 
with a llinx eouslstiiig of borax and carlmnato of soda, with more 
or less tai’tar according to it,s weight. 8ome •' assayers ” use 
both tartar and nitre, the former of course lieing in e.xecss. Tlie 
charge is I’Cliirned to the erueible in wliich ij was calcined, and 
is melted down at a liigh temperature, and, as soon as tranquil, 
poumL Wheb solid it is quenched and tho button of metal 
.sepiu'ated. . 
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The sjajj' is c and •'Inssy. Tho small «|iwn(jly of ooj>j»cr 
which il t r<vovorod l>y a su))so«jUci.r ‘‘to- 

jTrlhi'r Willi i-in' *’ ’•111 the ucxL ojieraiion. 

Til'' laiMoii ef ‘’(o;u ^ (oapor” olitaiiit'd niu.d he fj’oe IVcin a 
foatiii^f of iviiuhis. it. will \.ny soinowhat it) : issjamiieo acrord 
iniC 1 " I he natiu'O and <jiuu)l il-y of Uk* impniiii 

P.''fumig tlio Coarao Copper.—The .mmo cnicihle is put 
h.ick iij Die I'ci •!('■ p d<>wu and under iJio OL'ovioe hi'twoca 
Diol.>'ohDei Will'll it has adairiod Die leuijior.. ure of Uie 
fun' uc (ill* c, )• e e.,M 
{K'J* !.'• ill’opjl. '1 ill(o it 
ait'l D <’ I'lU il ICO riovd. 

The eopper will inel{ 
almost at or’ee willi a 
dull suitaei.. uliN'h 
ailer a l.iuje ih 
sliowine an *' eye.* iTjo. 48 . 

^Millie I'l'iinin^^ flux is 

then .slioti in from iJio stjoop (lig. 48 ). ami, when the assay i.s 
a^'iiiii Hind, ii is ]H>ui*e<I. Wlion cohl tin* hid.ton of metal is 
fO}'United. 

Tilt! hutton of lino*’ eop|K*i‘ is flat or pitted on its upper .sur¬ 
face, and is eoitcil with .a Uiiii orange (ilm; it must liave the 
apjiearjuu-e ol g-iM.d oojipej*. If it Is erjvered with a red or purple 
film, it is o\er<lnne or “ hurnt.” Jf, on the oIIkt hand, it has a 
rough, dull appearaneo, it is not sulUcienily reniicd. Assays 
tint have hem ‘•hurijl " are nijected. Those not sulficiently 
fine .ire treaU'd a.s eixinso eopjier,” and again put through the 
ivliuing operalion. 

Cleauing the Slags.—Tiieae are roughly powdered and 
re-fused with tartar, eh;., as in the fu.sion for coaiNo copper. The 
button of metal got is separated (if big enough refined) and wadghed. 

I’Jie delaiis of t.he jiroee.ss are slightly varied by difleren 
ass-ayors: the following will he good praetice for the student. 

liolermination of Copper in Copper Pyrites.—Pow'der 
dry, and weigh up 20 grams of the ore. Mix with 20 grauis each 
of powderi'd lime and (luor, 15 grams each of powilered glass and 
borax, and 5 or 10 grains of nifcrv. IVansfcr to a largo Cornish 
crucible and fuse, under a loose cover at a high temperature for 
from 15 to 20 minutes. When fluitl and tranijuil }Kmr into a 
mould. When the sl.ag has solidified, hut wdiilst still hot, quench 
by dijiping tovo or three limes in cold water. Avoid leaving it 
in the water so long that it doe.s not dry after i-emoval. When 
cold sepaiute the hutton, or peiliaj»s buttons, of regulus by 
(Druwvbliiig the slag between the fingers. See that tlie slag ii 
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fijB from ropulna. It ahould bo light coloured when cold and 
very fluid when hot. Kejcet thi’ hlug. 

Powder (he I'eguhis in a mortar and tiansfcr to a small crucfble. 
Calcine, with occasional stirring, until no odour of .sulphurous 
oxide can be dotectod. Shahe back iido tlu^ moi'lar, rub up with 
about I gram of porvdered autliraeite, and reajalcinc for .o 
minuhis longer. 

Mix the calcined regulus rvith lo prims of taiiar, 20 gr.ams of 
soda, and 3 grams of liorax ; and replace in the crucible u.sed for 
calcining.' .Fuse at a bright red heat for to or isminule:-'. Pour, 
when traiKjuil. 

As siKin a.s solid, quench in water, separate the Imlion of cojijier, 
ami save tin- slag. 

To reline the eojiper a very hot tiro i.s wanl,ed, and the fuel 
should not be too low down in llie furnace. Place tbe crucible 
trcll down in the tire and in th(' middle of tlie furuacc. Tlicsamo 
cnicihic is used, or, if a new Cnc is taken, it must be glased with 
a lill le borax. Wlieu the crueilde is at a giK'd red li.v.t, above the 
fusing point of cop.per,drop the 1,att ai of copper into it, and close 
the furnace. Watch through (be crevice, ard, a.: .sr.m as the 
button has melted and ajipears clear siiov.ing .an e}e, slioot in lo 
grams of refining flux, close tiie funuice, and, in a few minutes, 
pour; then separate tho button of copjier. Ado the slag to that 
from the coarse copper fusion, and powder. Mix with 5 grams of 
tart-ar, o.ij gram of powdered charcoal, and 2 grams of soda, 
Ku.se in the siurc crneihle., and, when tranquil, jKiur; quench, 
and pick out the prills of metal. 

If the copper thus got from the slags is coarse looking and 
largo in a.mount, it must be reSued ; but, if small in ipiantity, it 
may be (.akeii as foiir-iiflhs copper. The combined results multi • 
plied by live give the percenbigo of copper. 

The leliuiiig flux is made by mixing 3 parts fby measure) 
of jKnMicred m’tre, 2^ of tart,ar, and i of salt. Put in a large 
crneible, and stir with a rod-hot iron until action has cc,ased. 
This '.ipeiation should be carried out in a well-vcntilatod ajiut. 

For pure ores in which the copper is present, either as metal 
or oxide, and free from sailphur, ai'scnic, &c., the concentration of 
tho copper in a regulus may he omitted, and the metal obtained in 
a pure state by a single fusion.* Jt is necc.\saiy to ge*' a fluid 
neutral slag with the addition of as small an .uuount of flux 
m; possible. The fusion should he made at a high temperature, so 
as not to occupy more than from 20 to 25 nirm(.c.s. Thirty grama 
of ore is takeij for a charge, mixed with 20 grams of cream of 


t “Modem'American Metliode of Copper Smelting” (Dr. Feten). 
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tartar, and lo "T ims e:K,li of (iiioil bor-ax and soda. Tf tlie 
('.ipf'uo of tlip oi'o i.s l)a“lo, carrying mud) o-Kide of ii'on or lime, 
silica IS added, in i|ii; ■ ’ity not p.m-eding lo gram,?. If, on the 
otliei' iia))d, tlio gangnc i.? mainly quartz, oxide of U'on up to 
7 grams niu.st lie iidilcd. 

Esdmpli!. —Twi'iity grams of copjier pyi'it ■, known to con- 
tail’. 27.6 ]H‘r ci'iit. of roiqier, gave hy the method drat described 
5.22 grams of eojijicr, equalling 26J pel' cent. Another aamiile of 
20 "i"ims c.f the same, ore, calcined, fused with 40 gi'aias of nitre, 
a.id w.islicd to ensiiro the reiiiov.al of arsenic and sulphur, a,nd 
treated aei’/j-ding lo tho fcoiid melln.d, gave a button weighing 
5.27 gvani.s, (ijualliiig 2ti^ ixsr cent. 'I’lic ore containod a con- 
sider.d'le ipuiiility ol lead, bea'l reialein the asaay more difficult, 
siiai .ifiei c-ilcinatioii it rcniahis as lead .siilyihato, and in the 
fusion for coarsi- copper rcapjiears as a rcgu'as oil the button. 

Tho Estimation of Moisture.—'L’iic ('ornish dry assayer 
very seldom make.', a moi'turc c’-'termination. lie drie.? the 
samples by plaeing Uio pu|)e.rs coiilaiiiiiig tlicin on the iron plate 
of the liiniace, 

It is well known that hy Imyiiig the eoiipcr contents of pyrites 
hy (.'orniih ass.iy, hiirniiig olf th(> sulphur, and convoi'tiug the 
copper iiiio pveeip't'ilc, a large excess is obtained. 

NOTES ON THE VALUATION OF COFFEE ORES. 

dlosely homid np with the priutiee of dry eopjKir assaying is 
that of valuing a ]iareel of copper ore. The methods by which the 
validation is iiiaile have liee.ii dcscrihed by Mr. Westmoreland,* 
and are briefly as follow.? Tho produce of the parcel is .settled 
by two a.ssayei's, one acting for the buyer, tho ether for the seller; 
with the help, in ease of noii-agrecinent, of a third, or referee, 
whoso derision is ihial. 'L'lie dry assayers who do this are in most 
cases helped, and sometimes, perhiqis, controlled, hy wet assays 
made for 0110 or both of the parties in tho transaction. 

In llie case of “ ticketing," the parcels are purchased by the 
smellers by tender, and the value of any particular jiarcel is cal¬ 
culated from tlie average price jiaid, as follows;—The “ standard,” 
or absolute value of each ton 0^ line copper in tho ore, is tho 
price the smelti-rs have paid for it, plus the retui'niiig charges 
or cost of siiiidting the quantity of ore in which it is con¬ 
tained. Tho value of any particular pireel of ore is that of the 
quantity of fine coppier it contains, calculated on this .standard, 
minus tho ret ui'iiing charges. The ton consists yf »i ewts., and 

• “ Journal ol the Society of Chemical Indastry,” voL v. No. 2. 
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t is assumed tliat the “ settled " produce is tlic actiial yield of 
;he ore. ^ 

Jf at 11 tickeliiif; in Oornwiill 981; tuns of ore conkitiiiio 
.ons of Hue eopjier (by dry iis.s.iy) brciiaht /,25fil ir.s., the 
itaiidiu'd would Ihi 15.S. 'J'Ids is eiilculated us follow.s:— 

ITie returuiij,!' cliai pe is tl.\i d at 55.«. per ton of 011', 'I'lii.s on 9S5 
,ons will iiuiouiit to_;^27o>S 15s. Add till-- Ui tlie lulual price 
mid, and there is got jCS3°° I'l'® value of the lino coppiT 
iresent. 1'ho weight of copper in these 985 tons being 63.3 tons, 
die standard '« ;it53oo-i-63.3, or ^83 13.'!. (nearly). 

The value of a ]ian*el of 150 tons of a 6 per reid. ere on ttie 
lamo standard would be arrived at as foliow.s:- The 130 tons at 
)}iereenl. would contain 9 ton.s (150 x 6-s 100) of line copper. 'I’his, 
’S*- I»'>' would give ^^753 15.V. From this iiinst lie 
ledueted the returning charge.s on 150 tons of oi-p at 5t;s. jkt 
, on, or ;^4I2 to*. This leav&s ;£^34i 55. a., rho \ ahie of the 
aaicol. 

At (Swansea the ri'tuining ciiarge is less Ihnn in 1 'ornuall, and 
raries with the ijuality of the oi*-. 'i'bii appeal-- c'jnit.dile, sineo 
.n smelting lucre arc some coids whien are deiu nd-d siinjily on 
(he number of tons treated, and others wliieli incre.ise with the 
achueas. Tlie returning charge then is nn-do up of two ]iarts, 
me fixed at so nmch (i2». 21/.) |(er ton of ore ti-e.iled, ami the 
ither so niuch (3>i. ^d.) per unit of niei-il in the ore. In this way 
ihe returning charge on a ton of ore of S| produce would bo 
12*. 2(1. + (SJ X 3f 9(f.), or j£2 5*. 

Jf, f(>r cx.iinple, t'hili har.s, cmilaiaing 96 per cent, of cojiper, 
iring ;^50 per ton, the stainlanl is ^71 9*. .//. It is got at in 
(hi.s way. T'he reliirniiig eliarge on a ()6 per eeiil. ore is 
12.*. 2(1. + (96 X 3.S’. erf.), or_^,'i8 12*. 2d. This added to ^^50 gives 
;,f68 12*. 2(1., and this multiplied hy 100 and divided by 96 (100 
ions of the h.irs will contain 96 tons of fine copper) will give 
9*. 4rf. 

Tlie price of icotons of pyrites, eontaining 2J per cent, of 
BopjK-*!* hy dry lussav, would he got on this standard as follows :— 
The jiarcel of ore voiiM contain 2| tons of copjier. This ninlti- 
plicd by the slandard gives ^^ido id*, orf. From this ninst be 
dedUsded the reluniing charge, iihirli for 1 ton of ore of thii, pro¬ 
duce would lie 12*. 2(1. -t (2J X 3*. 9,/,) or os. •;.'/!, and on the 
100 tons is ,-{, ro2 18s. 4-/. Thi.s would leai-o /, r7 17*. lorf. as 
the price of the parcel, 01 i is. id. jx-r ton. '.11 is would he on the 
itandard returning charge of 45s. (for 8f per cent, ore); if a 
imaller returning charge was agiveil on, say 38s., the difl'erenoe 
in this case, 7*^ would lie added to the price per ton. 
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WET METHODS. 

The so!nl)ility of tlie ure.s of coin'cr iu aciij h.is already been 
described, but eeidain furnace jirodnots, sueb a-; slags, are be.-'l 
ojK-ned u|) by fusion v;itb fusion mixture and . idle nitre. 

The niolhod of dissolving varies with the tmtiire of the ore 
With 5 grams of j»}Tit<is, a single evajioral-iou 'vith so e.c. of 
nitric acid will give a residue comidetely soluble in 30 c.c. of 
hydrochloric acid. If the oi'e caiaies oxiile of iron or .similar 
liodie.s, these are Civst dissolved up by boiling with 20 c.c. of 
hydrocldoric acid, and the rc.siiluc attaidii’d by an addition of 
5 c.c. of nitric. When silicates (lecom[iosable by acid art* i>rcsent, 
the solution is cvaporaled to dryness to n-ndc)' (.be silica in.so- 
luble; the residue exli'acled with 30 c.c. of hydincbloric acid, and 
diluted with water to 150 c.c. It is advis.ible to have the copper 
in solution as chloride. To sep.-iratc ‘ho copjicr, hc.it the solution 
nearly to boiling (best in a pint llask), and jia...s a rapiil eurnud 
of sulphuretted b}drogcn for four or five minutes until the pro- 
cijiitale settles readily flinl the lirpiid sini 11 s of the ga.s. When 
iron is present it will he reduced to the ferrous st.ate beforo the 
copper sulphhlo begins to separate. The copper ajipcars as 
a binwn coloration or black precipitate according to the <pian- 
tity pre.seiit. h'iltcr through a coarse filter, avash with hot avater 
containing sulphuretted hydrogen, if necessary, W.ish the jire- 
cipitate, b.ack into the fiask, boil avith 10 c.c. of nitric .aciil, add 
soda till alkaline, and p,ass sulphuretted hydrogen again. Wanii 
and filter, wash and redissolve in nitric aci.l, neiitraliso aaith 
ammonia, add ammonic carbonate, boil and filter. The copper 
freed from impurities avill he in the solution. Acidulate and 
reprecipitate with sulphuroited hydrogen. AVhen the nat.ure 
of the impui’ities aafill allow it, this process may be shortened to 
first filtering off the ganguc, then precipitating with snljihurelted 
hydrogen and washing the precipitate on the filter first with 
water and then with ammonium suli>hidc. 

Having separated the copper as sulphide, its weight is deter¬ 
mined iis followa Dry and transfer to a weighed porcelain cru¬ 
cible, mix with a little pure sulph ur, and ignite at a red beat for 
S or 10 minutes in a current of hydrogen. Allow to cool while 
the hydrogen is still p.assing. Weigh. The subsulphide of 
copper thus obtained contains 79.85 per cent, of copper ; it is a 
greyish-black crystalline mass, which loses no weight on ignition 
if air is excluded. 

Copjier may be separated from its solutions by means of sodium 
hyposulphite. The solution is freed from hydrochloric and 
nitric acids by evaporation with sulphuric acid; diluted to aBout 
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11 (juiirtcr of a liti'o; heated iK'arly to boiliii" ; and treated with a 
hot solution of sodium liyposulphito (added a little at a time) 
until the jireeijutalo set I lea and leaves the solution free from 
colour. The solution contains suspended sul|)hur. 'I’he Jire- 
eipitate is easily washed, and under the |)roper conditions the 
se[)aration is complete, hut the separation with sulphuietted 
hydrogen is more satisfactory, since the conditions lus to acidity, 
>tc., need not he so e.vact. 

Zinc or iron is .sometimes used for i-oparatinf: topper from its 
(lolutioiia, but they are not to be rt amended. 

ELECTHOLYTIC ASSAY. 

The s'epiration of copper by means of a current of electricity 
is lai"ely made u.se of, and forms the basi.s of the um-t .satis¬ 
factory method for the deteiriiinalion of this metid. If the wire 
closing; an electric circuit lie broken, and the lavo ends imim'rsed 
in a be.aker of acidulated uat.u' or .solution .if any salt, the 
eloctricily '.'ill pas.s thnm^'h the 1..; da. hiin;;i!'.o about some re- 
mai-kahle chances, llydroj^ei. and the niet.ilsuill he liheratod 
around that |iai t of the wire connee.ed with the zinc end of the 
buttery, and oxygen, chlorine, and the acid radicals will be .set 
free around tbo ot.ber. Itill’erent nielals are dejiosited in Ibis 
way '..ilb varying degrees of ease, and wlicther or not any jiar- 
tienl.ir metal will be deposited do[ieiid.s—(i) on the eondnions of 
the .solution as legards acid and otbe.r snb.stances jiresent, and 
{2) on the ijitensUi/ of the (airrent of elect.riciiy n.-.ocl. For 
analytical purposes the metal should be deposited not only free 
fri.ui the other metals present, but akso as a firm coherent film, 
whicli may .afterwards bo manipulated wdlbout fear of los.s. This 
is, ill the ea,iu of copjaT and many other metals, eli'eeti'd by a 
simple eontrot of the cnuditimis. It is necessary that the elec¬ 
trodes, or wires which bring the electricity into the solution, 
shoiild be made of a materia] to whioli the (lepo.sited metal will 
adlioro, and which will not he attacked by substances originally 
present or set free in the solution. They are generally made of 
platinum, 'riicrc are various arrangements of apparatus used 
for this purpo.se, but the following plan and method of working 
is simple and ellbetive, and has liren in daily ii.v, with very satis- 
"aetory ia-su!(s for the last five 01 six years. 

The battery used is made up of two D.uiiell cells, coupled up 
.or intensity t« shown in fig. 49- that is, with the copper of one 
connected with the zinc of the other. For eight or ten assays 
daily the qmwt size should be used, but for four or live two pint 
cells will ^ suflieient 
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The out(‘r j)ot of (.-U' 1. o<*U is lujule of sheet copf>or, and must 
be cleurt uiid free from . tjlili-v «i th(' inside. Jt. is provided near 
the loj> will) a jK'rforalv . cojiper 
sJudf in ilio simpc of a riiijc, into 
wliich tlie inner or porous cell loosely 
fit.s. U is chur;red wilii a saturutctl 
solution of (^o(»pev sulphate, ainl 
('ry.stuls of this s.dt niur>l bo added, 
and always in exeess. Wlicai 
llie l):Lttery i< at work ooj^per is 
(lepc*.>ited on the ininT surfaee 
of this pot. 

TJie inner f)r poinais pot contains 
the zinc rod, and is char^aMl with a 
dilute iutid, made by diluting one volume of sulphuric arid up 
to ten with water. The object of the porous jtot is to pre¬ 
vent tlie mixing of llio acid and coppiu' sulphate solutions, with¬ 
out interruptiug the flow of eleclneity. The eopper sulphate 
t.olutioii will l.iM- for months, but the acid must be emptied out 
and reclmrged daily. 

'I’lie zinc umK must bo well amalgamated by rubbing with 
mercury uiub'v dilute arid until they show a nnifomly bright 
surface. They .slK»iihl not produce a biisk oflcrvesecnce when 
placed in the acid in the porous pot before coupling up. 

The battery wbeii working is apt to become dii'ty fr«>m the 
** creej)ing ” of the copjK-T and zinc sulphate solution. It must 
be kept away from the w'orkiiig bencli, and is best kept in a box 
on ilm floor. 

I’lie connection of the battery w'ith, and tluj fixing of, the 
electrodes may be made by any suiUible arrang(!ment, but the 
following is a very convenient plan. The wire Irom Uio zinc is 
counecU'd by means of a binding scixw with a piece of stout 
copper wire, wliich, at a distance sufUciciitly great to allow of 
easy coupling with the battery, is led along the back of a piece 
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(if lianl vvoo<l. This ii liwd liori/.imt illy iilioiit. one fo.)t abov* 
tl.e woilditi; licniili. 'I'lio gfiuei'a.! iirnitigeruent is sli'owii in 



I'mi. ji Fii). 52. 


(ig. 50, in wliidi, liowfvor, for flip siiko of ppoiiomy of spucp, tlie 
b.attery is pltieriJ on the working bench inslcad of on Uie Uoor, 



Tbs piece ef wood is one inch sijiiaro and tliree or four feet long. 
It is perfoi-atcd from front to back at distances of six inches by« 
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number of sm.ill Imi in n bieli me inserled screws like Him 
shown*iii fig. 51. 'i’ll'”..! me known as “terminals,” and m.sy 

be obtained of any i-li'c ueian. 'I’ho bead of each screw is 
Boldcied to the wire mentioned above a.s running along tlie back 
and as being connccicd wiih the 7,ine end of the f ■ ‘cry. These 
terminals serve to ii.\ the electrode.s on which the nniper is to 1«! 
deiiosiled. 'I’hc wiri> from the co])]icr end of the batieiy is 
similarly eoi'iiecled hy a conneeting screw (fig. 52) with .inolher 
wire (I! in (ig. 5 -■). which runs along tho toji of the rod and has 
soldered to it. al. dislaeccs of siv inches, eylimli'ieal .spirals ol 
cojiper wire. The.se should pi-ojeot from the rod at points about 
half-way hetweeu the ti rmin.il.s alri'ady de.scrihed. ’They may 
bo made by wc.ijiping copper wire around a olaek-lead peneil fur 
a length tf ahoul three inches. 

The rod is ])eifomted from top to bottom wilb a series of small 
holes, one in advance of eaeti termimd hut as near it as possible. 
Into these short pares of glass t.nho are inserted to ensure insii- 
lition. These rei eive tlie other electrodo.s, which are connected 
witli the wire leading to the (:op)icr end of the liattery, tlirongh 
the spir.ds, with the lu lji of .a binding screw. '.The figure will 
make this clear. (Kig. 53.) 

Tbo electrodes consist of a jilatinum spiral and cylinder. 
Tlio .spiral slioidd bave tlie sbapo 
shown in A, tig. 5,4. "Wlicn in 
work it is passed throiigli one of 
the boles fitted with glass iiibcsand 
coniiwted with the, copper end of 
the battery. 'Tlie tliiekness of the 
wire of wliieli it is made is iin 
important, jirovidcd it is stor t 
enough to keeji its form ami does 
not easily bend. The spiral will 
weigh about 8 grams. 'Tlie cylin¬ 
der (0, fig. 54) will weigh about 
12 grams. Jt should have tho 
sh;i])e shown in the figure. In 
working it is clamped to one of 
the terminals, and on it the copper 
is iiepo.sited. A cylinder will serve 
.for the ilepositioii of from i to 1.5 
gi’am of copp.T. It is mado by 
rivottiug a square piece of foil on " I’lo. 5^ 

to a stiiT piece of wire, and then 

bending into shape over a glass tube or piece of rounded wood 
Each cylinder carries a distinctive number, and is marked by im-* 
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proSKinp; lioman numerals (in the foil with the hliide of a knita 
The weight of eiic.li is carefully tal<(“n and recorded. They lose 
slightly in weight when in use, hut the loss is uniform, and 
averages half a milligram per month when in daily use. The 
cylinders are eleam'd from deimsitod copper by dissolving off 
with nitric acid and washing with water; and from grease by 
igniting. 

The beakers, to contain the solution of copper to he electro¬ 
lysed, are ordinary tall hoakers of about 200 c.c. cap.aeity, and 
are inaidced off at 100 c.c. and 150 c.c. Tlioy are supported on 
movable stands, consisting of woixhm hkK’ks .about six inches high 
and three inches aci osa. The bar of wood which carries the 
connecting wires and clectrodiis is permanently fixed over the 
working liench, at such a height that, with the licakcrs resting on 
these blocks, the electrodes shall bo in position for working. 

To fix the electrodes t^ tho rod, remove the stand and beaker 
and pass tho long limb of tho sin'ral up through one of the 
glass tubes. Conuoct it wit^h the fi ee end of the copper sgi^td 
by means of a connecting screw (fig. 52), aud then draw out iiad'' 
liend the eopjior spiral so tl.a 1. tlie pkitinum one may hang fhieiy. 
Screw the wire of the cylinder to the terminal, and, if wdiessary, 
bend it so that the cylinder itself may be brought to encircle the 
rod of tho spiral in the manner shown in fig. 53. 

The general method of working is as follows:—The quan¬ 
tity of ore to he taken for an assay varies with tho richness of 
the ore, as is shown in the following table ;—1 


Pcrcfntnpe nf Copper 

truant it}’ of Ort 

in llie Crf*. 

to lie latpi). 

I to 5 * * * * 

• 5 j^rams 

^ to 10 • • • • 

• 3 » 

JO to 30 

• 2 

30 to 50 

. 1-5 .. 

50 to 100 . » . . 

. 1 » 


JJ^e weighed quantity of ore is dissolved by evaporating with 
riroc acid and taking up with hydrochloric, as already described. 
Any coloured residue which may be left is generally organic 
matter: it is filtered off, calcined, and any copper it contains is 
estimated coloiimetrically. Nearly always, however, the residue 
is white and sandy. The copper is separat'd from the solutippf 
as sulphide by means of a rapid current of sulphuretted hydrq|(lsh. " 
The liquid is decanted off through a filtor, tho precipitate washed 
once with hot water and then rinsed Kick into the flask (the 
filter papeif being opened out) with a jet of water from a wash 
bottle. Fifteen c.c. of nitric acid are added to tho contents of the 
mask, which are then briskly boiled until the bulk is reduced to 
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less than 10 r.c, Tlie hoiling down is carried out in a clipboard 
tree from cold draiig!’.’-s, so as to prevent tho condensation of 
acid and steam in the neck of tho flask. Twenty c.c. of water 
are next .added, and tho so'otion is wfirmcd, and iiltcred into one 
of the htsikera for electrolysis. The tiltrate and washings aro 
diluted with water to the 100 c.c. mark, and the sflutiou is then 
ready for the battery. It must not contain more than 10 per 
cent, by volume of nitric acid. 

Tho nuinher and weight of the platinum cylinder liavin!* been 
recorded, both electrodes are lixed in position and the wooden 
block removed from under them. The beaker containing ihe 
copper solution is then brought up into its phue with one hand, 
and the bloik replaced with the. other so as to sujiport it. All 
the assays having been got into position, the connecting wires 
are joinijd to the battery. If evdrylhing is right bubbles of 
oxygen at once stream off from the sjiiral, a.id tho cylinder 
becomes tarnhlicd by a deposit of eojiper. If the oxygen comes 
off but no co))pcr is deposited, it is because the assay solution 
contains too much nitric acid. It no action whatever hakes place, 
it is because the current is not passing. In this case examine 
the connections to see that theyf are cle.an and secure, and the 
connecting wires to see that they are not touching eiuih other. 

The .action is allowed to go on for sixteen or seventeen hours, 
so that it is best to lot the current act over-night. In the mom- 
ing the solutions will appear’ colourle.ss, and a slow stream of 
oxygon will still be eomiug off from the spii-al. 

A wash-bottle with cold di.stiUed water and two teikers, one 
with distilled w.ater and tho other with alcohol, are got I’cady. 
Tire block is then removed, tho sphul loaxmed and lowered with 
tho beaker. The cylinder is next detached and wa.shed with a 
stream of water from tho wash-bottle, the washings being added 
to the oi'iginal solution. The current from the battery is not 
stopjred until all tho cylinder's are washed. After being dipped 
in the be.ake.r of water and once or twice in tliat with the alcohol, 
it is dried in the water-oven for about three minutes, and then 
weighed. Tho increase in weight is duo to deposited copper. 
This should be salmon-red in colour, satin-like or crystalline in 
appearance, and in an even coherent deposit, not removed by 
rubbing. It is permanent in air when dry, but sulphuretted 
hydrogen quickly tarnishes it, pi-oducing coloured films. With 
^TBS containing even very small proportions of bismuth, the 
deposited copper has a dai’k grey colour, and when much of this 
metal is pre.sent the copper is coated with a grey shaggy deposit. 

It still remains to determine any copper left ondepdiiited in the 
iolution. This does not generally exceed fonr or five milligrams, 
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and is cistimated colomnetricall)-. Thirty e.e. of dilnto animolifa 
(one of Btrong innmonia mixed with one of water) are added to 
the electrolysed solution, which is then diluted up to the*i50 c.e. 
mark with water. It is mi.xed, using tlje spiral as stirrer, and, 
after standing a few minutes to jillow the precipitate to settle, 
100 C.C. of it are liltcriMl off through a dry lilter for the i;olori- 
metric determination. Sinco only two-thiiils of the solution are' 
ttikcn for this, the (jnaiitity of eopjier found must bo increased by 
one-hiilf to get the i(Uantily actually present. 

The colorimetric determination may he, made in the man¬ 
ner described under that head, but where .a number of .tssays are 
being (sirried out il. is nioro oonve.iiiont to have 
a series of staudu.rd pliials coiitaining known 
amounts of copper in amuioiiiiical solution. By 
compiiriug (ho uieas\nvd volmuc of the asaay 
sohilion with those, the amount ol tapper pre- 
Bciit is (letormined at a, glaneo. Tliese standard 
bottles, uowovor, can only bo economically used 
whe.i'o a large number of ;issays are Uang mad^ 
daily. 

A convenient plan is (0 get a qoautitjii'bf 
white glaS' foiu'-ounce phials, like that in fig. 55, 
and to label them so that they sh.all contain 100 c.e. 
when filled up to IJie hollom of tho labels. The 
labels should he remlcred iiermanent by coating 
with wax, and be marked with numbers indicaitiiig the milligrams 
of copper present. The bottles arc .stopped with new clean corks, 
and contain, in liddition to tho specified qu.anlity of copper, 6 c.e. 
of nitric acid and 10 o.c. of strong ammorda, with sufficiont water 
to make up the bulk to 100 c.c. The copper is best added by 
nmning in the requisite amount of a standiusl solution of coppep,. 
each c.c. of which conhiins 0.001 gram of tho metal. 

Tlio standard bottles should be rolillod once every three or four 
months, since their colorimetric value becomes slowly less on 
keeping. The following determinations of a set which had been 
ill use for threa months will illustrate this. The figures indicate 
milligrams of copper in too c.c.: the fii-st rjw gives the nominal 
and the second row the actual colorimetric value of tho standards. 
The difl'erence between the two shows tho deterioration, 

1*3468 10 12 14 

1 » 3 3-7 5-j 7-5 5 n 13 ' 

The amount of copper in the assay is got by irici'easing thidf' 
found ooldbimetrically by one-half and adding to that found <a» 
the platinum cylinder. The percentage is calculated in the usd^.’ 
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way. The following examples will iUustrate this, as well as the 
method of recording the work in the laboratory book :— 


■ »-— 

Cytiiidor 1.1 (’u . 
CylinOcr I. . 

. 9.5410 

. 9-5'7° 

By colour i oo c.c.=o.cx) i ^) 

0 0007 i ’ 

0 .< *[0 

. . 0.0022 

0.0022 

IX. Sample. Took5giams. 

0.0262 

Copper - 0.52 7« 

Cjlindcr VI. + Ou 
Cyliiidur VI. . 

■ 10.570S 

. 100437 

By colour, loo c.c.=0.0670) 

0.0035/ 

0.5268 

0.0105 

0.0105 

Matte, No. 1070. Took 1.5 gram. 

0-5373 

Copper = 35.82 7. 

Cylinder XITT. + Cu 
Cylinder Xlll. 

. . 12.0352 
. . n.0405 

By colour 100 c.c.=0.0005! 

0.0002 > 

0.9947 

. . 0.0007 

0.0007 

X. Sample, Cake copper. Took i. 

0.9954 

0053 gram. 

Copper = 99.00 7, 


In the electrolytic assay of metals, alloys, precipitates, and 
other bodies rich in copper, the preliminary separation of the 
copper by sulphuretted hydrogen is umieciessary. It is sufficient 
to dissolve the weighed sample in 10 c.c. of nitric acid, boil off 
nitrous fumes, dUute to 100 c.c. with water, and then electrolyse. 

Qeneral Considerations.—In the preliminary work with the 
copper sulphide there is a small loss owing to its imperfect removal 
in washing the filter paper, and another small loss in dissolving 
in nitric acid owing to the retention of particles in the fused 
j^lobules of sulphur. To determine, its amount the filter-papers 
'tod sulphur wore collected frem forty assays, and the copper in 
^hem determined. The average amount of copper in |ach assay 
was 0.175 gram; that left on the filter paper was 0.00067 gram; 
iud that retained by the sulphur 0.0000 j gram; thus showing an 
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ftverajte.lnffl from both sources of o.ooojo gram. The determina¬ 
tions from another lot of forty-two similar assays gave on an 
average ' 

(-oijpcT left on filter paper . • • • 0.00070 gmm 

Copier retained by sulphur . . • • 0.00004 

The loss from these sources is trifling, and need only ho con¬ 
sidered when great accuracy is required. 

The deposition of the copper under the conditions ^'ven is 
satisfactory, but, as alrojidy stated, if the solution contain more 
than 10 x>er eent. of nitric acid it is not thrown domi at all; or 
if a stronger current is used, say that from tlirce Bunsen cells, it 
will ho precipitated in iin ai-borescent brittle form, ill adapted for 
weighing. It may be noted here that increJisiiig tlie si?e of the 
cells does not nece.s.sarily increase the intensity of the current.^ 

In two dotemniniitions on 'pure electrotype copper the following 
results were obtained:— 

Cfipppr Takev Copper Found, 

o 89S8 gram 0.89S5 gram 

0.8305 „ 0.8303 

The prasence of s.dts of *^monia, itc., somewhat retards the 
deposition, but has no other iil efl'ecu 
The organic matter generally p’-esont in ci'ppor ores interferes 
more esjrecially in the coloriiiielric deteiniinatiou of tlie residual 
copper. It can bo detected on dissolving the ore as a light 
block residue insoluble in nitric acid. It is filtered ofl’ at once, 
or, if only present in small amount, it is earned on in the oi^di- 
nai*y jiroecss of the assiiy and sc])ar''.ted in the la.st tiltration 
befoi*© electrolysi.s. 

The following exjtenments were made to test, the effect of the 
presence of salts of foreign metals in the solution during the 
precipitation of copper by electrolysis:— 

Copper Taken. | OUicr Motal MiM 

o.ioon graru o.rooo gram of sil\cr 

a 1050 „ 0.J000 „ „ 

0.1030 „ 0.1000 „ mercury 

0.1037 „ o.iooo „ » 

0.1020 n O KXXD n l<^^i 

6.1030 tt 0.1900 „ M 

0.1010 „ o.iocx) M arsenic 

0.1007 n 0.1000 n 

0.J030 n a 1000 H antimony 
0.1034 H 0.1000 „ H 

0.0990 ,« 0.1200 M tin 

O.IOI 4 « M 0.1000 n n 

aiooo M O.IOOO H bismuth 
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[ topjicr 'I'ltlvftu. 


tnhi'i’ Metal 

Cop|icr Found. 

O.JO4O ^ 

laui 

0. irx, - 

j-'i am 

uf cadnjium , 

a 1052 

0. lOOU 

» 

0.1 ?00 

„ 

zinc 

aioi7 

0.1014 

» 

0. ifxiu 


nil kcl 

a 1007 

0.1070 

n 

U.XJOO 

n 

in in 

o.nji»9 

0.1054 

n 

C'. 1100 

*• 

fdiromiuin ((>,/>,) 

0.1055 

0.iOj4 


0. io(X) 

» 

„ (K.a-o,) 

c. ioi(r 

0.]075 

„ 

0 . lO'O 


nliiniininm 

0.1078 

0.1010 


O.IOOO 



0.09S0 


It will be si'on fioiri these tliet uiereury, silver, anil bismuth 
are the only uielals which are precipitable* along with the co]ipcr 
uinlcr the conilitions of the assay. Mei-c'ii’y, which if present 
woiihl inU'i'fcre, is sc]iaraleil because of tlio insolubility of its 
Bulphiile in niti'ic ai'iil. 

iiisuiul.h is precipitatcil only after the main portion of the 
copper i.s thrown down. It reudci's ths eopfjer obviously unsuit¬ 
able for weighing. It darkens, or forms a greyish coating on, 
the copper; and thi.s darkening is a delicate test for bismuth. 
In a.s.saying or es containing about three and a half per cent, of 
copper, and known to contain bismuth in ipiantities scarcely 
detectable in ordinary analysis, the metal deposited was distinctly 
gri'yi.sh in colour, ami would not bo mistaken for pure copper. 
Ten grams of this imjmro copper were collected and analysed, 
with the following results:— 


Copper . 
Ittsmuth 
Iron 
Arsenic 


. 99.46 per cent. 
. 00.30 „ 

• 0014 » 

. 00.10 „ 


100.00 


The quantity of copper got in each assay was 0.175 g™“i 
consequently the bismuth averaged 0.00053 gram. 

To separate the bismuth in such a case the deposit is dis¬ 
solved olf by warming it in the original solution. The bismuth 
is precipitated by the addition of .ammonic carbonate, and the 
-si'lution, after filtering and acidifying with nitric acid, is ro- 
' electrolysed. 

Determination of Copper in Commeroial Copper.—Take 
from I to 1.5 grajn, weigh carefully, and transfer to a beaker; 
'add 20 c.c. of water and 10 c.e. of nitric acid; cover with a clock 

• Lead when present is precipitated on the ipiral in the form of a dlwk 
' powder of di-oxide (PbO,). Manganese is also thrown dow^ on the spiral 
as di-oxide (MnO,), the eolation at the same time becomes violet from the 
formation of peemangonio acid 

N 
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glass, and allow to dissolve with moderate aetion; boil off nitroul 
fumes, dilute to 100 c.c., and el«;trolyse. The cylinder moit be 
carefully weighed, and the electrolysis allowed to proceed foi 
24 houiu The weight found will bo that of the copper and silver. 
The silver in it must be determined* and deilucted. 

Determination of Copper in Brass, German Silver, 01 
Bronze.—Treat in the same manner as commercial copper. If 
nickel is present, the few milligrams of copper remaining in the 
electrelysod solution should be separated with sulphuretted 
hydrogen, the precipitated sulphide dissolved in nitric acid, and 
detormined colorimrtrically. 

VOL 0 METEIC PBOCESSES. 

There are two of these in mso, one based on the decolorising 
effect of potnssic cyanide upon an ammonimsd copper solution, imd 
the other upon the measurement of the quantity of iodine 
liberated from potassic iodide by the copper salt. The cyanide 
process is the more goneriillyt'tised, and when carefully worked, 
“on certain understood and orthodox conditions, yiiJJs good 
results; but probably there is no method of assaying where a 
slight deviation from these conditions so surely leads to error. 
An operator has no difficulty in getting concord,aut results with 
duplicate assays; yet different asssiyers, working, without 
the same material, get results uniformly higher or lower^ 
difference evidently due to variations in the mode of w(*l!sng. 
Where a large number of results are wanted quickly it it a very 
convenient method. The iodide process is veiy satisfactory when 
worked under the proper conditions. 


CYANIDE METHOD. 


The process is based upon the faotsi—(i) that when ammonm is 
added in excess to a solution containing cupric salts, ammoniacal 
copper compounds are formed which give to the solution a deep 
ffilue colour; and (a) that when potassic cyanide is added in suffi- 
ment quantity to such a solution the colour is removed, double 
cyanides of copper and potassium or ammonium being formed.1 
In the explanation generally given the formation of miprous ow 
anide is supposodj; but in practice it is found that one part m 
copper requires rather more than four parts of cyanide, whhSi 
agi*ees with the former, rather than the latter, explanation. 


See the method given under Examination of Coftmemal ftjyer. 
CiiSO, +.4KCjr = zKOy.CuOy, + K,SQ,. 

2 CnS<^, + dKCy + Ain,0 = Cu,Oy, + Am,SO, h^K/iO, + KC^O. 
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Hcliance on the accuracy of the process o.'innot rest ujion the 
eupposition that the cyanide reqiiu’ed for decoloiation is propor- 
tiouid to the copper present, for varying quantities of auiinonia 
salts, .ammonia and water, .and differences of temperature liave an 
imporient effect. The results are coneordain cid exact only 
when tho cyanide is slandanlised under the same conditions as it 
is used. It is best to have the assay solution and that used for 
rtandardising as nearly as possible alike, and to titrate the two 
solutions side by side. This demands an approximate knowledge 
of the quantity of copper contained in tho ore and a separation 
of the bulk of tho impui'ities. 

■ For the titration thei e is ifsjuired a standard solution of potas¬ 
sium cy.ani<le made by dissolving 42 grams of the s.alt, known to 
dealers as Potassium Cyanide (Cold), in water end diluting to one 
litre: 100 c.c. of this will be about equivalent to one gram of 
copper. For poor ores the solution may conveniently be made 
half this strengtli. 

The solution of the ore and the Bep.aration of the copper as sul¬ 
phide are effected in the same ways as have been already described 
for electrolysis. Similarly, too, the sulphide is attacked with 
15 c.c. of nitric acid and the asstiy boiled down to 10 c.c. Add 20 c.c. 
of water and warm, filter into a pint llask, wash well with water, 
and dilute to about 150 c.c.: add 30 c.c. of dilute ammonia, and 
cool. 

Prepare a standard by dissolving a quantity of electrotype 
copper (judged to be about the same as that contained in tks 
assay) in 20 c.c. of water and 10 c.c. of nitric acid, boil off the 
nitrous fumes, and dilute to 150 cm.: add 30 c.c. of dilute 
ammonia and cool. 

Fill a burette with the standard cyanide solution. The burette 
with syphon arrangement, figured on page 52, is used. A 
number of titrations can be carried on at the same time provided 
the quantity of copper present in each is about the same. This 
is regulated in weighing up the ore. The flasks must of course 
be marked, and should be arranged in series on a bench in front 
of a good light and at such a height that the liquid can be looked 
through without stooping. Suppo.dng about 50 c.c. of cyanide 
will 'be required, 30 c.c. should be run into each, and each addi¬ 
ction be r^oiffed as soon as made; then run 15 e.o. into each. 
The solutions will now probably show marked differences of tint: 
add I e.o. of cyanide to the lighter ones and more to the darker, so 
/W .to bring the colours to about the same depth of«tint. They 
should all be of nearly equal tint just before finishing. At the 
;jand add half a c.g. at a time until the colours are completely dij- 
il 9 mrged. A piece of damp filter paper held between the light 
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nnd the flask assints in judging the colour when nearly finished. 
Overdone assiys show a straw yellow colour which deepens on 
Bt.an(ling. 

Tlie following will illiLstriite the notes recorded of five such 
assays and one .standard :— 


i) 30 0.0. 

15 c.c. 

5 c.c. 2 C.C. 

1 C.C. i C.C. —C.C. - 53i C.C. 

2) 30 .. 

15 .. 

I .. I » 

I » in ”” “ 4^i tf 

3) 30 .. 

15 .. 

3 » I .. 

I M i M = SOh M 

4 30 .. 

15 .. 

5 « a » 

I M in 1 = 54 >• 

.S) .i" .. 

IS .. 

2 m I m 

I M i M — = 49i .. 

d) 30 „ 

15 .. 

2 m 1m 

1 M i M i M 50 stanrlard 


Three grams of ore were taken, and the standard contained 
o..t8o gram of copper. 

In this soiies the diircrencb of half a c.c. niftans about 0.15 
per cent, on the ore; with a little practice it is easy to estimate 
whether the whole or half of the last addition should be counted. 

To got satisfactory rosfidts, the manner of finishing once 
adopted must 1«) adhered to. 

The following e.\'iierimentKrtho'.v the effect of variation in the 
conditions of the a.ssay ;—Uso a sdntion of copper nil-rate, made 
by dissolving 10 grains of copper in 50 c.c. of water and 35 c.o. of 
nitric acid, and dikiting to a litre. 100 c.c. - i gram of copper. 

Effect of Varying Temperature.—^In these experiments 
10 c.c. of copjier nitrate were used, with 10 0.0. of nitric acid, 30 CA 
of dilute ammonia, and water to 200 c.c. The results were— 

Temperature . . 15° 30° 70” too* 

Cyanide required . 21. $ c.c. 20.8 c.c. 19 7 c.c. 18.8 c.0. 

The temperature is that of the solution he/ore titrating. These 
show the importance of alw-iys cooling before titrating, and of. 
titrating the assay and standard at the same temperature. 

Effect of Varying Bulk.—The quantities of copper, acid, and 
ammonia were the same as in the last-mentioned experiments. 
The results were:— 

Bulk . . . 100.0 C.O. 200.00.0. 300.00.0. 400.00.0. 

Cyanide required . 23.3 „ 21.7 „ 21.4 „ 21.4 „ 

These sliow that large variations in hulk must be avoided. 

Bfibot of Varying Ammonia.—^The quantities of copper and 
acid were the same as in the series of experiments last noticed. 
The bulk was 200 0.0. The results were:— 

Dilute ammonia . 20.0 o.c. 30.0 c.c. 50 0 o.c. 1000 CA 

Cyanide required . 20.9 „ 21.7 „ 22.3 „ 24.6» ,< 

Effect of Varying Acid,—^The quantities of copper and 
water wereHhe same as in the last-noticed set of experiments: 
30 C.C. of dilute ammonia were used. 

Nitric acid . SOC.0. 10.0 o.a . 1501OA 

Oyaaideiequiisd 21.6 , ai.7 . 21.5 • 
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On adding nitric acid to the solution it combines with a portion 
/of th’e ammonia to form ammonic nitrate; it will be seen from 
the last series of experiii;outs that the losseniug of the amount of 
free ammonia will decrease the quantity of cyanide required • 
but, on the other hand, the ammonic nitrate '.hich is at th* 
same time formed wall increase the amount reijuired; under th. 
conditions of the assay these two ell'ects neuti-alise each other, 
and such dififerenees in the quantity of acid us are likely to occur 
are unimportant. 

Effect of Varying Ammonic Salts.—The quantities of 
copper, water, and ammonia were the same as in the last men¬ 
tioned set of experiments, but no nitric acid was used. 

Ammonic nitrate addocl i gram , 5 grams 10 grams 20 grams 
Cyanide required . . 21.2 c.c. 22.1 c.o. 2i.i c.c. 24.1 c.c. 

These show that combined ammonia seriously affects the titr.a- 
tion, and tliat the principle sometimes recommended of neu¬ 
tralising the acid with ammonia, and then adding a constant 
quantity of ammonia, is not a good one, because there is then an 
interference both by the ammonia and by the variable quantity 
of ammonic stilts. 

The same quantity of combined ammonia has the same effect, 
whether it is present as sulphate, niirate, chloride, or acetjito, as 
the following experiments show. Four lots of 20 c.c. of “ copper 
nitrate ” were tiiken, and 20 c.c. of dilate ammonia added to each. 
These were carefully neutnalisod with tlie respective acids, ren¬ 
dered alkaline with 30 c.c. more of ammonia, cooled, diluted to 
bulk, and titrated. The results wore :— 

With sulphuric acid . . . 22.5 c.c. of cyanide 

, nitric acid .... 22.6 „ „ 

„ hydrochloric acid . . . 22.6 „ „ 

„ acetic acid .... 22.$ „ „ 

Effect of Poroign Salts.—Sulpluites, nitrates and chlorides of 
iodiiun or potassium have no .action, whilst the hydrates, carbo¬ 
nates, bicarbonates, sulphites, and nitrites have an impoidant 
effect. The interfei'ence of ammonic salts has already been shown. 

Salts of silver, rinc, and nickel resict with cyanide just os 
copper does, and consequently intoifere. Ferrous Siilts are sure 
to be absent, and ferric salts yield ferric hydrate with the am¬ 
monia, which is not acted on by the cyaniile, hut, owing to its 
bulkiness, it settles slowly; this lengthens the time required 
for titration, and so modifies the manner of working. Jn aatay 
ihouhl not be worked with ferrio hydrate present, ujdea§ the standard 
contains about the same amount of it. On mines it is often in¬ 
convenient to separate the copper by means of sulphuretted 
hydrogen; hence it is customary to titrate without previous 
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Heparation. In this case, instead of standardising the C3ranidq with 
electrotype copper, a standard ore should lie used. Tliis should - 
be an ore (of the same kind as those being assayed) in which the 
copper has been carefully determined. 

Effect of Varying Copper,—In these experiments 10 c.c. of 
nitric acid, 30 c.c. of ammonia, and water to 200 c.c. were used. 

Copper nitrate present i.o c.c. lo.o o.c. 20.0 c.c. 50.0 c.c. 100.0 c.c. 
Cyanide required . 0.7 „ 11.2 „ 21.7 „ 54.5 „ loS.i „ 

These results show that under the conditions laid down tht 
various causes of disturliance nearly noutialise one anotlier, and 
tlie results williin a fah' range are practiially propoiiional. 

Determination of Copper.in Copper Pyrites.—Weigh up 
2 grams of tlie dried and powdered ore, and place in an evaporat¬ 
ing disli alxiut four inches in diarael er. Cover witli 20 c.c. of nitric 
acid and put on a hot plate. Evajanate to dryness without 
further handling. Allow to cool .and take up with 30 c.c. of 
hydroclilorio acid, boil, dilute, jjid tia,ii.sfer to a pint flask, filtering 
if noeessa/y. Make up tlie bulk with the w.i.sbings to about 
150 c.c. Precipitate with sulpuuntted hydrogen, filter, .and waslu 
back the pioicipitate into the flask. Add 15 c.c. of nitric acidg 
and boil down rapidly to 10 c.c. Dilute, add 30 c.c. of diliitfl 
ammom’a, make up to 150 c.c., and cook Por tlio siandard, weig^ 
up 0.5 gram of copper, more or less, according to the quantity 
judged to he present in tiic assay. Dissolve in 20 c.c. ,of dilute 
nitric acid, boil oil' nitrous fumes, add 30 c.c. of dilute ammonia, 
make up to the same hulk as that of the assay, and cool. Titrate 
the two solutions side by side and as nearly as possible in the 
same manner. 

Since the assay solution is often turbid fi-om the presence of 
small quantities of lead and of iren from incomplete washing, 
and since this slight preeipifalo is very slow in settling, the' 
standard can liaidly be enmpared strictly with the assay. This 
can be counteracted by precipitating in both solutioms a mixture- 
of ferric and alnminic hydrates, which settles readily and leaves 
the supernatant liquor clear. To eilect tin's, laiil the nitric acid 
solutions with 30 c.c. of a .solution containing 15 grams each of 
’ alum and ferrous sulphate to the litre. In an actual determina 
tion 2 grams of the ore were taken and comp.ied with 0.5 gram 
of copper. The assay required 57.7 c.c. of cyanide and the: 
standard 52.5 c.c. 

a S2-S : o-S :: S7*7 : 0-549S 

This on i grains of ore =•27.47 per cent; the same sample-lilt 
electrolysb gave 27.60 per cent, of copper. 
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Determination without Previous Separation.—Dissolve 
up s grains as before, but, instead of passing sulphuretted 
hydrogen, add 30 c.c. of dilute ammonia, shake well, and cool. 
Prepare a standaid by dissolving 0.5 gram of copper in i c.c. of 
nitric acid, add 0.6 gram of iron in the form of ferric chloride 
and 20 c.c. of hydroclJoricacid, dilute to about 150 c.c., add 30 c.c 
of dilute ammonia, and cool. Titrate the two solutions side by 
ade. In a determination on the sample last used, 58 c.c. were 
reqiured for the assay and 53 c.c. for the standard, which indicates 
27.3 per cent, of copper. 

This method of working is somcwluit rough. 

IODIDE METHOD. 

Tills is based upon the fact that when potiufflic iodide in excess 
is added to a strong solution of a cupric salt in a faintly acid 
solution, cuprous iodide is formed and on equivalent of iodine 
libci-atcd.* The iodine is measurod by titrating with a solution 
of sodium hyiH)sulphito,t using starch paste as indicator. The 
iodine is soluble in the excess of potassium iodide, foiming a deep 
brown solution; the hyposulphite is added until this brown colour 
is almost removeil. Starch paste is then added, and strikes with 
the remaining iodine a dirty blue colour. The addition of the 
“ hypo” is continued until the blue colour is discharged. The end 
reaction is sharp; a drop is sufficient to complete it. 

As regards the titration, the process leaves little to be desired; 
the quantity of “hypo” required is strictly proportional to the 
copper present, and oidinary variations in the conditions of work¬ 
ing are without effect. The presence of salts of bismuth masks the 
end reaction beiause of the strong colour imparted to the solution 
by the iodide of bismuth. Under certain conditions there is a 
return of the blue colour in the aasay solution after the finishing 
point has apparently been leached, which is a heavy tax on the 
patience and confidence of the operator. This is specially apt to 
occur when sodium acetate is present, although it may also be due 
to excessive dilution. 

The standard “ hypo” solution is made by dissolving 39.18 
grams of the crystallised salt {NajS,0,.5H,0) in water and 
diluting to one litre. One hundred c.c. equal one gram of 
copper. 

The starch solution is made by mixing i gram of starch into a 
thin paste with cold water, pouring it into 200 o.c. of boding 

• 2CuSO, + 4KI = CiiA + 2I + 
t aNa,S,0, + 2l = zNal >• Na^.O, 
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water, and continuing the boiling for a minute or so. The iolu* 
tion must be cold before use, and about i c.c. is used for'each 
assay. It should not be adderl until the bulk of the iodine bia 
been reiluced. 

To stamki'dise the “hypo,’ weigh up 0.3 or 0.,-. rvam of pure 
copper, dissolve in 5 c.c. of dilute nitric acid, boil ’'li ..1 • ui.'! fumes, 
and dilute with an equal bulk of cold water. .■ di ''.a '.solution 
until a permanent precipitate m obbiiie-d, and lla 0 i of acetic 
acid. This should yield a clear K'llntiou. Fill an ord. a. e burette 
with the“hy[)o.” Add 3 gr.ams of p >t, ssiurii iodidi i, si.ds 0 
the copper solution, and, when those ai'c dkso!red. d. -i > ii,. 100 
c.c. with water. Kuii in the “ hyposoiiuion imI i 0. pia I I , until 
the brown colour is nearly (lLseharg<’.l—j.e., 'o 1 ;i.i,, c.c.of 
the finish. Add jc.c. of llie starch .s bitlon, and eonb'j.e;' the ad¬ 
dition of the, “hy()o' a few drops at a time r .til the tin-, suddenly 
changes to a rie.ain cnloiir. The hlue eohn.r must not return on 
standing three or four minutes. Oalculale the '.t.in lard in the 
usual way. 

In amying ores, the ooppei is dissolved and .separated w ith sul¬ 
phuretted hydrogen as in the other {mieo.ssa.s, but tho .sulphide 
should bo washed more completely to ensure the absence of iron 
salts. 

The following experiments show the efl'ect of v.sriation in the 
conditions of the assiy. Use a solution of copper sulphate con¬ 
taining 39.38 grams of copper sulphate crystals (CnS0,.5H,0) 
in the litre. 100 c.c. equal i.oo gr.am o^ copper. 

Effect of'Varying Temperature.—The assay after tiie addi¬ 
tion of the pxdassio iodide must he kept cold, else iodine may he 
volatilised. 

Effect of Varying Potassium Iodide.—In various descrip-a 
tions of tho process the amount of iodide required is varlouslsF 
stated at fiom “a few crystals” to as much .as 10 grams. Tire 
proportion i-equired by theory for i gram of copper is a little over 
5 grams; an excess, however, is required to keep the liberated 
iodine in solution. On economic grounds this excess should not be 
extravagant; if the student uses 10 parts of the iodide for each 
part of copper in the assay he will have suflicient. In the experi¬ 
ments there were used 20 c.c. of the copper sidphate, with varying 
amounts of potassic iodide, and tlie following results were got;— 

Potasaio iodide added . . 1.5 grani 3 grams 5 grams 

“Hypo"required . . 2aoc.c. 20.0 c.c. 20.0 c.o. 

1 

_n these tjie iodide was added diiuot to the solution containing 
tht copper, which was afterwards diluted to 100 c.c. and titrated, 
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In another series the iodide was added s.fEer the dilution to 
wo e.c., and the results were:— 

Potassic iodide added i.Sgram sptraiiis 5 grains 10 grams 

“ liyjio” required . 20.0 c.c. 20.1 c.s, 20.0 o.a 20.0 0.0. 

Effect of Varying Bulk.—In these experiments, 20 e.c. of 
copper suljihato were taken. 3 gr.ims of potassic iodide a .cd, and 
also water to tlie required hulk. 

Bulk .... 20.00.0. 100.0 C.C. 200.00,0. 50000.0. 

“ I iypn" required . 200 „ 20.0 „ 20.0 „ 199 „ 

In the last of these experiinoiits tlio colour w.as di.s(!h.arged at 
180.0., hut gradually returned until 19.9 c.c. had Iieoti run in. It 
will ho seen tliat considerable variation in hulk does not interfere. 

Effect of Acetic Acid.—'I'lia-so I'xts rimcn^ wore like the 
last series ineiitionod, hut the hulk wa.s 100 c.c., and varying 
amounts of aoclic aeid were added. 

Acetic, aoid nddc'i . o c-.c. i.o .t.i.. 500.0. 10.0 ec. 20.0 c.c. 

“ lljqio ’’ required . 20.0 „ 20 i „ 20 i „ 20 o „ 20.2 „ 

Acetic acid, thou, does not inicrlore to .any serious oxtont. 

Effect of Varying Sodium Acetato.—These experiments 
wore like tho.se last mentioned, hut without acoiic acid, and witli 
varying amounts of sodium accl.ite. 

Sodium iicetatc added . o gram i gram 2 gmma 5 grams lo grams 
“Hypo” requiied . . 20,0 e.c. 20.0 c.c. 20.2 c.c. 19.30.0. 18.2 c.c. 

In tho S grfxms cxiicrimout, when the finishing point had been 
apparently reached tho colour .slowly returned ; hut .as the results 
geiiondly on titrating were not .s.ati.sfactory a repetition of life ex¬ 
periment was made with the addition of 5 c.c. of acetic acid, which 
gave an crpially Uad result. 

Effect of Foreign Salts.—Tho conditions of those experiments 
were the same as before. The salts were added and dissolved be¬ 
fore the addition of tho potassium iodide. Using 5 grams (or in 
the case of the acids, 5 c.c.), the i-esiilts wei-e as follows:— 

dilute Acetic 

, Sait added . . — lIjSO, acid NaAc NaCl 

Hyq)o" required 2o.oo.c. 20.00.C. 20.1 c.c. 19.3 c.c. 20.ic.a 

Salt added . . KNO, NtcySO, AmCI Am,^SOj 

“Hypo” required 20.20.0. 18.70.0. 20.00.0. 19.90.0. 

Tho low result with the sulpliate of soda was evidently due to 
the forraatkn of a sparingly soluble double salt, which removed 
copper from the solution; on mlding a little acetic acid the full 
amount of “ hypo” w.as roquiiod. The effect of thS presence of 
certain metals is imporfeint. The method of determining it was 
to add the substance to the solution containing tho copper, and 
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partly predpitato with soda solution; then treating with i 0.0, 
of a(»tic acid, adding the iodide, and proceeding as Ixiforo. ‘ 
Subiitftnce Added. " Ujpo” Itoquired. 

- 20.0 0.0, 

0.0^0 gram ansenic as As^Oj , , , . 20.0 „ 

ao5o „ arUiujuny as SbCl, , , . 19.8 „ 

0.050 „ lead a.s l’b(NO,)j .... 20.1 „ 

A similar cxiicrimcut with 0.050 gram of biHiimth nitrate could 
not ho detormiued, (he end-reaction being ma.shed. Bismuth iodide 
- is soluble in pola.ssic iodide, forming a brown solution, the colour of 
which is very similar to tliat produced by iodine; and although 
it does not sl.rike a blue colour with starch, “ hypo” hiis an action 
on it. 

A similar experiment witho/)5o gram of iron a.s ferric chlQil|^ 
required 22.3 <•.<!. of “ hypo,” and the colour returaed on standing 
This shows that ferric acetate liberates iodine under the conditions 
of the assay. Trying to cfmnteract this, by adding to a similar 
Boluiion 0.5 gram of phosphate of sochi dissolved in a little 
water, 19.7 c.c. of “hypo” wete required instead of 20.0, hut the 
assay showed signs of rotisining colour. 

Jn standardising, tin; Same r»adt was obtaincil, whether the 
copper was pre.scut .us nitrate or sulphate before neutralising. 

Effect of Varying Copper.—^With the smne conditions aa 
before, but with varying amonnts of copper and a projiortionaJly 
increasing quantity of iodide, the results were:— 

(;o)ipcv iiic.-icn:. . i.oc.c. 10.0 c.c. 20.00.0. ,50.oc.c. 100.00.0. 
■'Uyj'o" rciinircd . 1.0 „ 10.0 „ 20.0 „ 50.0 „ 100.0 „ 

showing the results to ho exactly I'rojiorlional. • 

Deternunation of Copper in Copper Pyrites.—Take a 
grams of the dried and jiowdered ore and ti'oat in a porcelain dish 
with 20 e.c. of nitric acid, and evaporate to diyncss. Take up with 
30C.C. of hydrochloric acid, dilute, and transfer to a pint flask; make, 
up with water to 200 c.c., warm, and pass sulphuretted hydrogen 
to excess. Filter, and wash the pi-ecipitate with water acidified 
with sulphuric add. Wash the precipitate hack into the flask, 
and dissolve with 15 c.c. of nitric add. Evaporate almost to dry¬ 
ness j add 20 C.C. of water, and hoi) till free from nitrous fumes; 
filter off the sulphur and gangiie; ueutraliso with soda, avoiding 
excess; add 1 or 2 c.c. of acetic add, and sliake till clear. Add 5-' 
grams of potassium iodide, dilute to 100 o.c.,and titrate. The fol- , 
towing is an example:— 

0.5 gram of copper required . , . 50.5 0.0. “hypo." 

The assay required .... 55.6 „ „ 

which is equm to 27.5 per cent, of copper. 

,• For further information, see Appendix B., and a paper by J. W. Wert. J 
^ snoieland, Journal of the Soeiet]/ of ChanM InduHtf, toL r. ju 48. 
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OOLOBXMETBIC PBOCESS. 

Tliis is liasod on flie blue coloration of aiiiraoniacal copper 
solutions. Tlic qnimtityof ciijipev in looc.c.of tbc assay solution 
should not be more than 15 milligraius, or less than half a milli¬ 
gram. It is not so delic,ate as most other colorimetric methods, 
but noveiihclusii is a veiy useful one. 

The manner of working is the same as that described under 
iron. 

Standard Copper Solution.—Weigh up 0.5 gram of electro- 
tyjie copper, dissolve in 10 c.c. of nitric .acid, boil oil'nitrous fumes, 
and ililule to i litre, i c.c. = 0.5 milligram. 

In )iear!y all cjises it will be necessary to separate the copper 
with aulpbnrettcd hyilrogen from a solution of aiiout 5 grams of the 
material to l>e assayed. The iilter paper containing the sulphide 
(and, probably, much sul|ihiir) is dj-iod and burnt. Tlie ashes .are 
dissolved in 5 c.c. of dilute nitiie acid, 10 c.c. of dilute ammonia 
added, and the solution liltered through a eoarae filter into a 
Kps.sler tube, washing the, ji!ij)er with a liltle dilute ammonia. 

The estimation of the colour and calculation of the result are 
made in the way described on page 44. 

The cireet of varying conditions on the assay may be seen from 
tlie following experiments. 

Effect of Varying Tomporature.—The effect of increa.sed 
temperature is to slight ly decrease the colour, but this can only 
be olxserved when a fair ipiantity of copper is present. 

1.0 C.O. at 15“ showed the colour of i.o < 

2-5 .. .. 2-7 

5-0 »> „ „ ,, 5 '® 

lo.o „ „ „ „ 9.0 

Effect of Varying Ammonia.—Tho solution must, of course, 
contain free ammouia; about 5 c.c. of dilute ammonia in 50 e.o. 
bulk is tho quantity to be used in tbe exjieriinonts. A larger 
qtiantity affeits the results, giving lower readings and .altering 
fte tint. AVith small quantities of ammonia tho colour approaches 
a violet j with larger, a sky-blue. 

2.5 c,o. with 25 O.C. ol strong ammonia read 2,2 0,0. 

5-0 .. >. I, » .. 4.0 I. 

10.0 „ „ „ „ „ 8.0 ,1 

Effect of Ammqnic Salta—^The following table shows tbe 
results after addition of ammonic salts:— * 


-■.0. at 70’ 
>» 
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0.0. Present. 

With TO (rrsntt 
Aniiiioniu Nitrate. 

With IP ifrain^ 
Amnionic CUlof.ilu. i 

With 10 

Aminonio Suipimto. 

*•5 

2.5 

■'■5 

2.0 

5.0 

iO 


4-3 

10.0 

10.1 

lO.L 1 

8-5 


These show that suij'hatc i shoiiiil be avoinej. aiiJ oithe. nitrate 
or chloride solutions be used in the standard as well as in the 
assay. 

Determination of Coppor in a Manganese Ore.—Twiat 3 
grams of the ore with 20 r.c. of hydrochleiic add, and evaporate 
to dryness. Tidio np wilh lon.c. of hydrochloric acid; dilute to 
about 200 e.c., aud piss, sulphuretted hydrogen until the solution 
smells of the giu(; filter, bum, take up with 5 e.c. of dilute nitric 
acid, add 10 e.c. of dilute iinimonia, and filter into the Kessler 
tutio, aud make up with the waiihing.sto 50 c.c. Into the “stand¬ 
ard” tube put 5 C.C. of dilute idlcic acid and 10 c.c. of dilute 
ammoiii.a. Make up to nearly 50 o.c. with water, aud run in the 
standard copper unril the colours are equal. 1 n a determination 
4 c.c. (= 2.0 milligrams of copper) were latiuirod; this in 3 grams 
of ore — 0.07 per cent. 

Determination of Copper in “Block Tin."—Weigh up 3 
grams of the dried ore, boil with 10 c.c. of hydrochloric add, and 
afterwards add i c.c. of nitric; boil off nitrous fumes, evaporate 
to about 5 C.C., dilute to 50 c.c., add 20 c.c. of dilute ammonia; 
stir, and filter. If much iron is present, dissolve the precipitate of 
ferric hydrate in add, and repredpitate with ammonia, Mix the 
two filtrates, and dilute to 100 c.c. Take 50 c.c. for the test. A 
sample of 3 grama of an ore traated in this way required 5.2 c.c. 
of standard copper to produce eqiuality of tint. This gives 0.35 
per cent. 

Determination of Copper in Tin.—Weigh up i gram of 
the sample, transfer to an evaporating dish, and cover with 30 c.c. 
of aqua regia. Warm until tho metal has dissolved, then eva¬ 
porate almo.st to dryness. Take up with a few o.c. of hydro¬ 
chloric acid and again evaporate. 

Dissolve the re-sidue in 10 c.c. of dilute hydroohlorio acid end 
transfer to a 100 c.c. flask. A^d 10 c.c. of dilute ammonia and 
make up with water to the containing mark. 

Filter off 50 c.o. of the solution into a Kessler glass and deter¬ 
mine the cofiper in it colorimetricaUy. 
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SatAMIHATIOW OF COMMEECIAI, COFPEB. 

Very ptiie copper can be obtained in commerce, owing to the 
demand for metal of “ high conductivity ” for electrical purposes, 
which practically means tor metal fiee from impui-ities. 

Much of the metaj sold contains as much as one per cent, 
of foreign substances, of which arsenic is the most important. 
The other elements to be looked for are bismuth, lead, antimony, 
silver, gold, iron, nickel, cobalt, suliduir, and oxygon. In “ blister 
copper” (which is the unrefined metal), aluminium, silicon, and 
phosphorus may be met wit h. 

Oxygen.—All commercial copper carri“s oxygen; most of 
it is pvesi'nt .o-s cuprous oxide,.which is dissohed by molten 
copper. The estimation of oxygen is often mailo “ by ditfer- 
ence.” The copper and the other imjinritios being deter¬ 
mined, the rest is assumed to be oxygen. Probably this is 
nearly correct, but the whole of the oxygen should not be 
ascribed to cuprous oxide; for any arsenic the metal contained 
would be present as cuprous arsenitc, since arsenide of 
copper and cuprous oxid(! could not exist together at the 
temperature of fusion without interacting. In the report 
of the analysis, it is best to state the proportion of 
oxygon thus;— 

Oxygen per cent, by diflerence. 

There is a method of determination by fusing 5 or 10 
grams in a brasqned crucible, and counting the loss as 
oxygen; and another method for the determination of cu¬ 
prous oxide based on the reaction of this substance with nitrate 
of silver.* About 2 grams of silver nitrate, dissolved in 100 
c.c. of water, is allowed to act upon 1 gram of the copper in 
the cold. The precipitate is filtered oflT, washed thoroughly 
with water, and the basic salt dissolved and determined colori-. 
metrically. 

One part of copper found represents 1.68 part of cuprous 
oxide, or 0.19' part of oxygen. Copper generally carries from 
o.i to 0.2 per cent, of oxygen. 

Silver is found in most samples, but occurs in variable propor¬ 
tions ; when it amounts to 30 ounces per ton it has a commercial 
value. To determine its amount, dissolve 10 grama of the copper 
in 35 O.C. of lutric acid and 50 c.c. of water, boil off nitrous fumes, 
and dilute to about 100 c.c. One or two c.c. of dilute hydro- 

• .iCvjO + 6 AgH 0 , + 3 H ,0 = 20 n,H, 0 ,N 0 , + 2 Cn(N 0 ,), + 6Ae. 

IlDioluble bMo MutJ 
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cliloric acid (one tii lOo of water) aie added, stirred in, and the 
precipitate allowed to sett le for twenty-foui' liinira. Filter through 
a double Swedish paper, dry, burn, and cupel the aslies with one 
gram df sheet lead. 

Ten grams of a sample of copper gave in this way 4.7 milligmms 
of silver. Ten gram.s of the siiinc coppei', to which 24 milligrams 
of silver had been adileil gave 2S.2 milligrams. 

Gold.—To determine it, dissolve 10, 20, or 50 grams of the 
sample in 35, 70, or 175 c.t of nitric acid and an equal volume of 
water, boil till free from nitrons fumes, and dilute to double its 
volume. Allow to stand for some time, decant on to a filter, dry, 
burn, and cupel the ashes with i gram of sheet lead. If silver is 
present, owing to traces of chlorides in the re-agents used, 

“ parting” will be necessary. (See GoUl.) 

Working in this way on 20 grams of copper, to which 1.8 mil¬ 
ligram of gold had been added, a button weighing 2.0 milligrams^ 
was obtained. 

Antimony is not a frequejx impurity of topper; it caij;(o6fi 
detected in qimntiti(S over o.i |)Or cojit. by a white TOsi(J^"hit' 
Sb, 0 ,, insoluble in nitric add. With mateiial containing only 
small quiintities of antimony the whiwc oxide does not sjhO'iv itself 
for some time, hut on long-continued boiUng it separates as a fine 
powder. It is best (when looking for it) to evaporate the nitric 
acid solution to the crystallising point, to add a little fresh nitric 
acid and water, and then to filter off the fweeipitate. After 
weighing it should be examined for arsenic and bismuth. 

liead.—Kelined coppers are often free from loiwl, anything 
more than traces being seldom fouml; in coarse coppers it is some- 
times present in considerable quantities. 

Its prasence may be detected in the estimation of the copper eleo- 
trolytically, the platinum spiral becoming coated with a brown o 
black deposit of lead dioxide. Tbo depth of colour varies with th 
lead present, and obviously could be made the Imsis of an npproxi 
mate estimation. Ilie colour shows its(.‘lf witliih an hour or so 
but is best oUseived when all the copper has been deposited. 

Electrolysing a solution of one gram of pure copper, to which 0.; 
miUMibrn of lead had been added, the deposit was dai'k brown 
in similar solution with 1 milligram of lead it wo.", much darker 
and with 2 ;^Ugrams it was black. Under the ronditions of thi 
assay the djilide cannot be weighed, as it jairtly dissolves 01 
breaking the current. When lead has been found, its quantit; 
may be estijnated by evaporating to dryness the niteic acre 
solution to which an excess of sulphuric add l|^,b een added 
taking up with water, and filtering off andj^UBBS 
suTpbate. 
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The separation of trtifea of lead as chromate is a fairly good 
one. Dissolve 5 grams of the copper in 17 c.c. of nitric acid imd 
an c<in.al volume of water, boil oil' nitrous fmiies, neiitialise with 
soda, and afterwards acidulate with acetic acid; .and dilute to .1 
litre. Add 20 grams of sodium acetate, warm, tod pi-ecipiiate 
the lead with a dilute solution of pot!ia.sium chromate. Copper 
chromate (yellow) may be at the same time thrown dora, but it 
is readily scduble on diluting, h'ilter off the precipitate; wash it 
into a iHiakcr and pass sulphuretted hydrogen; oxidise the sul¬ 
phide and weigh as lead sulphate. Tieated in this way 5 grams 
of copper yielded sulphate of lead equal to 2.0 niilligi’ams of load. 
Five grama of the same sjimple to which 10 milligrams of lead 
were added gave 11.4 milligrams. , 

nickel and Cobalt.—Nickel is always present in larger or 
smaller quantities in commei’cial cop|)er, .and, perhaps, has an 
influence on the projierties of the jnotal. It is determined as 
follows:—Dissolve 10 grams of the copper in 35 ec. of nitric 
acid and .an equal bulk of water, boil oil' nitrons fumes and 
neutnilise with soda, add 2 grams of cfirbon.ate of soda dissolved 
in water, boil, and flller. Aridify the iiltnate with 2 or 3 c.c. of 
dilute nitric acid and dilute to i or litres. Pass sulphuretted 
hydrogen through the cold solution tiU the copper is all dowm and 
the liquid smelts of the gi>s. Filter and evajiei-ate the Citrate to 
a small bulk, and determine the nickel by electrolysing the 
solution renderod ammoniacal, or by precipitfiting as sulphide 
and weighing as sulphate. (See under AfeW.) The precipitate, 
after weighing, should be tested for cobalt. If pro-sent it is 
separated with potassium nitrite ns described under L’obaU. Ten 
grams of copper gjl^e O.o milligiams of nickel; and another lot 
of 10 grams of the same copper, to which 10.0 milligrams of 
nickel had been added, gave 17.2 milligrams. 

Sulphur.—The amount of sulphur in refined copper is very 
small, seldom exceeding 0.005 per cent. In coarse copper, as 
might be expected, it is found in larger quantities. 

In determining it, it is first converted into sulphuric acid, 
and then pifcipitated and weighed as barium sulphate. The pre- 
fcipitation cannot bo effected from a nitric acid solution. Ten 
grams of cdpper are dissolved in nitric acid, as for the other deter- 
ijninations, and then boiled with excess of hydrochloric arid till 
|the nitric acid is completely removed. There is then atided a few 
'.drops of a dilute solution of baric chloride, and the solution is 
;idlowed to stand fur some hours. The baric sulphatg is filtered 
;off ami weighed. 

The necessity for precipitating from a hydrochloric acid solution 
^ i^en from the following determinations. In each expeiime^ 
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10 graniR of copjior wan nsed, atid a knowu woijrlit of sufphnr, 
in the form of coppar suipliate, aJdeil. 


Sulphur Kthk'tl. 

Sulphur foiinil in lljtiro- 
chloiit’ Add SoiutiDi), 

S'uilihiii f'lmid in Nilric 
Ai-id Sii'ution. 

5 inillij^rains 

S unUii^ra'ms 

0.03 inilli5.'ram8 

10 „ 

II » 

O.Oy „ 

•s 

■7 

12.00 „ 


Bismuth.—Nearly all haioples of eopper eonlaiii liisiiuitli, 
but only iu small (jiiaiititipR. It is l>est (lelermiiied e<iloritiU‘tri(4Uly 
as (loswibeil undei' liisiimlh. The iiietbud of ooiicenljaliog and 
prepuing the solntioii for colMiinetric a.ssay is a- follows. Dis¬ 
solve lo grains of copper in nitric acid, as in tlic oilier detor- 
ininations; ncHlraJise with soda; add i or 1.5 grama of biear- 
bonato of soda andlioil for*tcii minutes; filter, dissolve tbo pre¬ 
cipitate in hot dilute anlplmric acid; aild siilpburous acid and 
potassium iodide iu excess, andibcil till free from iodine. bHlter 
and dilute to 500 e.c. Take :;o i.i.. of ll.o yellow solution for 
the doteriiiinat 1011. A fen c.e, of a dilulc solniioii of sulpliurou5,i- 
acid (x in 100) will prevent the liberation of iodine. Tbo follovF- 
iug cxperiinents te.st tlio inctbod of sc[iaration. Ton gram* of 
copper wore ti-eated as aliovo .and prccijiitatcd with 1.5 gium of 
“soda;” the precipitate contained 0.6 milligram of bismuth 
( = 0.006 per cent.). The filtrate trealedwillianotber 1.5 gram of 
“ soda ” gave a precipitate which was free from bismuth. To the 
filtrate from this was added 1.0 milligram of bismuth, and 
another fr.ictioii was precipitated with 1.5 grjyn of “ soda.” In 
this precipitate was found 1.0 milligram ofnismuth. To the 
filtrate another milligram of bismuth was added and the separation 
with “soda” rejicatod. The bismuth w'as separated from this 
precipitate with ammonic carbonate before determination, and 
0.9 milligram was found. 

Arsenio.—The proportion of arsenic in copper varies from 
o.oi to 0.75 per ceirt, wliilst in course eopper it may amount to 
2 or even 3 per cent. To deteruririe it, dissolve 5, ro, or 20 grams 
of the copper (irccordiirg to the amount of arsenic present) in , 
18 C.C., 35 C.C., or 70 C.C. of nitric acid, .and au equal volume of 
water. &>il off the nrtrorrs frtmes, dilute to too c.e. and neutra¬ 
lise with soda; add 1.5 or 2 grams of carbonate of soda dissolvSj 
in a little water, and boil. Filter (waslii.ig is unnecessary) and 
dissolve haclr into the flask with a little dilute, hydrochloric aeddj 
odd 30 C.C. of dilute ammonia and 25 c.c. of “magnesia mixture,” 
aUow tb stand overnight. The whole of thearsemois'pre- 
apitatod as ammonic-magnesic arsenate in one^bmAit. but it it 
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adviKiblo to leavo it lonfior. The precipitate uiay be d'Red ami 
weifihed, or, better, tilmted with unuiium acetate. (^See Arsenic.) 
To trat tliis method of m paration 10 grams of pure copper were 
taken and 0.200 gram of arsenic dissohijd with it. The 
arsenic was didermiued t)y titration with nranh ni acetate, .and 
0.200 gram was found. Two other similar experiuiont.? with 0.080 
and 0.010 gram of arsenic added, gave 0.079 0.012 gram re¬ 

spectively. 

Antimony or hisimith may be present without interfering with 
the titration. With 0.100 gram of antimony and 0.100 gram of 
arsenic, 0.100 giam of iU'senic was found ; and in another ease, 
with 0.100 gKiin of hismntli and 0.060 grem of arsenic, 0.060 gram 
wa.s fonnd. In these experiments ilio antimony and bismuth 
were present in the assiiy solution when titrated. For a gi-avi- 
metric determination they would i-equire to be removed More 
precipitating with “ magnivsia mixl m e.” 

Phosjihorns, if present, counts as arsenic in the proportion of 
1 to 2.4; hut, except in the case of cofir.se coppers, it is always 
absent. 

iron, if }iresent, interferes by forming a while Iloccnlent pre- 
cipitfite of ferric arsenate after the addition of the sodium acetate 
and preliminary to the titration. Kach milligram of iron .abstracts, 
m this way, 1.3 milligrams of arsenic. 

Iron.—liefined coppers carry traces of iron, varying from 
0.001 to o.oi per cent. It is best deteimiued during the arsenic 
estimation. The precipitate of the ammonic-magnesic arsenate 
will contfiin the whole of the iren as ferric hydrate. On dissolv¬ 
ing in hydrochloric acid, ueulrali.sing with ammonia, adding 5 c.c. 
of sodic aeetfite, diluting, and boiling, it reappears as a white 
precipitate of ferric arsenate. It is filtered off (the arsenic being 
estimated in the filtrate), dissolved in w.am hydrochloric acid, 
and dcicrmincd colorimetically as described under Iron. A series 
of experiments testing the separation is there given. 

Phosphorus.—Kcfined cop{)crs do not carry pho.sphorua, 
although it may be present in “ coarse copper ” up to i per cent, or 
more. In such samples the foUowing method is adopted for the 
estimation of both phosphorus and aa'senic. Dissolve 10 grams 
of copper and o.i, 0.2, or 0.3 gram of iron whe (according to 
the amount of arsenic and phosphorus present) in 35 c.c. of nitric 
acid and an eqmil volume of w.ater. Add soda till the free acid 
is nearly neutralised. Next add a strong solution of sodium 
acetate, until the solution ceases to darken on further addition, 
then dilute with water to half a litre. The solution is best con¬ 
tained in a large beiker; it is next heated to the boiling point, 
and at once 'emoved and allowed to settle. If the precipitateds 

0 
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light ooiouTod it is evidence that sufficient iron lias not been 
added, or, if it is gi-etm, from basic copper salts, it sliows that the 
solution wfus not sufficiently acid, in either case start afresh. 
Filter off the precipihite and wash with hot water containing 
a little sodium acetate, dissolve it off the iiiler with hot dilute 
hydrochloric acid, add ammonia in excess, and pass sulphuretted 
hydrogen for five minutes. Warm at about 70° C. for a quarter 
of an hour. Filter. The clear yellow filtrate contains the 
arsenic and phosphorus. Add dilute sulphuric acid in excess; 
filter off the yellow jireeipitate of sulphide of arsenic, dissolve it 
in nitric acid, and titrate with uranium acetate, as described under 
Arse/iic. 

The filtrate from the sulphide of arsenic is rendered alltaline 
with ammonia and “ magneriji mixture ’* added. The solution is 
stiiTed, and allowed to stand overnight. The precipitate of 
ainmonic-Tnagnesic pho.sphatc is filtered oil', dissolved, and titrated 
with uranium acetate, using the same standard solution as is 
used in the arsenic aasay: 0.5 gram of araonic equals 0.207 gram 
of phosphorus. ' 

Copper.—The method of determining this ha.-; been dcjscribed 
under JiUcirolijtic Assay. 

In the method of concentration by fractional precipitation with 
sodic (arbonate (which is adopted in most of these determinations) 
the precipitate will contain -all the bismuth, iron, and alumina; 
the arsenic and phosphoius as cupric arsenate and phosphate; and 
the gimter jairt of the lead, antimony, and silver. The nickel 
and cobalt, and the sulphur as svilphuric acid, will remain in 
solution with the greater part of the copper, 

PIUCXICAL EXERCISES. 

1. According to a wet assay 2 grams of a certain ore contained 0.365a 

gram of copper. What would you expect the dry assay produce 
to bo I 

2. A standiurd solution is made by di.ssolvmg 25 grams of potassio 

cyanide and diluting to a litre. Assuming the salt to bo 98 per' 
cent, rcivl cyanide, what woald 100 o.c. of the solution be oquiva- 
Icnl to in grams of copper ? 

3. How would you make a solution of “hypo” of such strength tiiat 

too C.C. shall equal 0.633 grem of copper ? 

4. Vliat woiglit of ore, contmuing 17.0 per cent, of copper, would you 

take, in order to get ahuut 0.5 gram of copper in solution for 
electrolysis J 

. 5. The solution of copper in nitric acid is mleoted by the following 
reaction 

30n + 8 HN 0 , = sCuCNO,), + 4H,0 + 2NO. 

What volume of nitric acid will he required to dissolve i gram of 
coppert 
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LEAP. 

The chief ore of lead is galena, a sulphide of loiid, comtnor. in 
most mining dislHcts, end frequently assoeiatod with blende and 
copper-pyrites. It always canies more or less silver; so that in 
the sissay of the ore a silver determination is always necessary. 
Carbonale. (cerussite), sulphate (.aiiglesile), and pUo.sphate (pyro- 
morphite) of lefid also occur ns ores, but in much smaller 
quiintities. 

liCad ores are easily concentrated (owing to their high specific 
gi-avity, &c.) by mechanical operations, so that the mineral matter 
gout to the smelter is comparatively pure. 

Lead is rtiadily soluble in dilute nitric acid. The addition of 
sulphuric acid to this solution thjws down heavy, white, and 
insoluble lead sulphate. • 

tlalena is soluble in hot hydrochloric acid, su’phuretted hydrogen 
bi'ing evolved; but the action is letarded by the separation of the 
sparingly soluble lead chloride. If rod of zinc is placed in this 
sohition, metallic lead is precipitated on it as a spongy mass, the 
lead chloride being decomposed as fast svs it is formed. The 
opening up of the ore is thus easily effected, the sulphur going 
oH' as .sulphuretted hydrogen, and the lead remaining in a 
form e.a.sily solnhle in dilute nitric acid. Galena itself is readily 
attacked by nitric acid, part of the lead going into solution, 
and the rest remaining as insoluble lead suljibato. The sulphate 
is duo to tlic oxidation of the sulphur by nitric acid; its amount 
will vary with the quantity and concentration of the acid used, 
liulphate of lead is soluble in solutions of ammonium or sodium 
ac(“tale; or it may bo converted into carbonate by boiling with 
carbonate of soda. The carbonale, after washing off the sulphate 
of soda, dissolves easily in nitric acid. The precipitation of lead 
from aeid solutions with sulphuric acid, and the solubility of the 
precipitate in ammonium acetate, distinguishes it from all other 
metals. The addition of pobissimn chromate to the acetate •solu¬ 
tion repreeipitates the lead as a yellow chromate. 

DEY ASSAY. 

The dry assay of Imd is largely used, but it is only applicable 
to rich or concentrated ores, and even with these only gives 
approximate results. Both lead and lead sulphide are sensibly 
volatile at a moderately-high temperature; hence it is necessary 
to obtain a slag which is easily fusible. As a reducing agent iron 
is almost always used, and tlds is added either in the form of an 
iron rod, or the crucible itself is made of this meial. The flux 
used is carbonate of soda. 
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When a clay crucible is used, the method of working is as 
lollows:—Weigh up 25 giains of the dry and powdered ore, mis 
Ipith an equal weight of “soda” and 2 grams ot tartar; place in 
a crucible (E. Jiattersea round), and then insert a piece of iron 
rod about half an inch in diameter, and of such a length that it 
will just allow the crucible to be coveied. Tlie rod should be 
pushed down so as to touch the bottom of the crucible, and the 
mixture should be covered with a sprinkling of borax. Place in a 
furnace heated to, but not above, redness, and cover the ci-ucible. 
In about twenty minutes the charge will be fused : the fusion is 
complete wluui bubbles of gas are no longer being evolved; and 
then, but not till then, the iron is withdrawn, any adhering buttons 
of lead being wiushed olF by dipping the rod a few times in the 
slag. Cover the crucible, lcav6 it for a minute or two, and then 
pour. Delar li the slag, W'hen cold, by hamme-ring. The weight 
of the button multi))lied by 4 gives the percentage. Tlie com¬ 
moner errors of students ih working the process are too high a 
teinpcrat are and too quick a withdrawal. 

A sample of ore treated in this manner gave on duplicate assay 
17.5 and 17.0 grains of le.vl, equalling 70.0 and 70.4 per cent, 
resjiectively. lly wet assay the sample gave 73.3 per cent. Using 
an iron crucible, the results will be i per cent, or so higher. The 
crucible must be made of wrought iron; and, if it has been pre¬ 
viously used, should be cleaned by heating to dull redness and 
scraping the scale off with a stirrer. Take 30 grams of tho ore, 
mix with 30 grams of “soda” and 3 grams of tartar; put the 
mixture in the crucible, and cover with a sprinkling of borax; 
heat for alaiut twenty uiinut(» at not too high a temperature, 
and then scrape down the slag adhering to the side with a 
stin-er. Leave in tho furnace till action lias ceased. Before 
pouring, tap the pot gently, and then tUt it so as to make the 
slag wash over tho part of tho cnicible along which the charge is 
to bo poured. Pour; and, when cold, clean and weigh the button 
of metal. A crucible may bo used from ten to twenty times. 

These assays are for ores containing the load chiefly as sul¬ 
phide. For oxidised ores, charcoal or tartar is employed as the 
reducing agent. The student may practise on red kad as fol¬ 
lows:—^’i'ake 30 grama of red lead; mix with 10 grams each of 
borax and “ soda ” and alaiut 1.5 gram of powdered charcoal; place 
% a small clay crucible with a cover (0. Batteisea round), fuse at 
A gentle heat, and pour when action coases. This assay will only 
take a few minutes. 

Ayhere Idad is present as phosphate (as in the case of pyro 
morphite), or mixed with phosphates (as sometimes happens), 
(vjrbonate m soda is a suitable flux; hut the phosphate of soda 



UEAD. 


213 


which is formed makes a thick tenacious slag, which is very apt 
to be carried out of the pot by the escaping gas. A wide-mouth 
clay pot is taken and a lilLlo fluor spar added. For the assay of 
pyromorphite the following charge may be used:—Oi o, 20 grains; 
“soda,” 25 grams; tartar, 7 grams; and fluor spai 5 grams; and 
2 grams of borax as a cover. This will melt doivn in about ten 
minutes, and should bo poured as soon as tranquil, 

WET ASSAY. 

In the ca.se of galena, the best method of getting the lead into 
solution is to treat with hydrochloric acid and zinc. Put i gram 
of the ore in an evaporating dish ^ inches across, and cover with 
10 c.c. of dilute hydrochloric acid. Heat till the evolution of 
sulphuretted hydrogen becomes sluggish, and then drop in a piece 
of zinc rod. If the solution eftervesces too strongly, dilute it. 
Oontinuethe heating until the sulphide is seen to be all dissolved; 
pour off the liquid and w.a-sh twice with cold water. Peel oil' the 
precipitated lead with the help of a glass rod, and then clean the 
zinc. Cover the lead with 20 c.c. of water and 5 c.c, of dilute 
nitric acid, and heat gently till dissolved; all the lead will be in 
solution, and, when filtered off from the gangue, will bo ready for 
a gravimetric determination. For volumetric work this filtering 
is unneces.sary. Pure zinc should bo used for this purpo.se; the 
ordinary metal contains lead, and although its amount may bo 
determined and allowed for, the correction required is large. 

Galena may be dissolved in hydrochloric acid without dilliculty 
under proper conditions. One gram of the finely powdered 
mineral treated with 40 c.c. of dilute hydrochloric acid anil 
heated so that the boiling is accomplished very gently will dissolve 
to a clear solution. With excessive evaporation lead chloride 
crystallises out and the attack on the galena becomes sluggish. 

The ore may be opened up by the following method, which leaves 
the lead in the form of sulphate. Weigh up i gram of the finely 
powdered ore and place it in an Soz. flask: add a mixture of 
; c.c. each of sulphuric and nitric acids; boil off the nitric acid. 
Allow to cool, add 70 c.c. of water, boil, allow to settle and pour 
off the liquid through a small filter. Wash repeatedly with small 
quantities of water, keeping the residue in the flask as far as 
practicable. The residue contains lead sulphate. 

Lead sulphate may be dissolved in a solution of sodium 
hydrate; 5 grams of the soda are sufficient for i ^am of lead. 
If the liquor is turbid it is decanted and only the washings passed 
through a filter. The lead may be recovered from the liquor as 
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Bulpliiile of lead by adding nnimonium milpbido, or as metal bj 
preoijiitating on aluminium. 

la'ad sulphate may be dissolved by boiling with a solution oi 
sodium acetate: about 40 gnims of the salt are needed for i grair 
of lead : in the presence of 5 or 10 c.c. of acetic acid the solutior 
is easier, but solutions with much acid are likely to cause troubh 
on boiling by giving up some of their lead sulphate. The load it 
sodium acetate solutions may be recovered as chromate or molybdatt 
in the manner described under the heading Yolvmielric Melinda. 

GHAVIMBTRIC DETERMINATION. 

Gravimetric Dotormination,—The le.ad being in the solutior 
as nitrate or chloride is to be freed from any excess of nitric oi 
hydrochloric acid by evaporation. The ro.sidno is to be taken uj 
with water and tho ro.sultiirg solution treated with 5 or 10 c.c 
of dilute sulphuric .acid. The liquor must be allowed to .stano 
and the clear portion decantedihrough a filter. 

Transfer the precipitate, and wash with very dilute su'phuric 
acid (i or 2 c.c. in 100 c.c. of water). Tho acid must be coin' 
pletely removed n itb one or two w'ashes wit b cold water, and ther 
with alcohol. The volume of liquid required for washing is small 
as the precipitate is dense arid ea.sily cleaned ; but tho wadiinj 
must bo evrefully done, since if any acid remains it will, on drying 
char the paper, and render tho subseiiueut work troublesome 
Dry, transfer to a watch-glass, and buiar the filler paper, col¬ 
lecting its ash in a weighed porcelain crucible. The filter p.apci 
must bo freed as much as possible from tho load sulphate before 
burning, and the ash treated with a drop or two of nitric and sul¬ 
phuric acids. Transfer the lead sulphate to tho crucible; ignite 
gently, keeping the temperature below redness; cool, and weigh 
The precipitate will contain 73.6 per cent, of lead. 

VOLUMETRIC METHODS. 

Chromate Method.—This is based upon the re aotion* betweet 
chromajio of potash .and soluble lead .salts in feebly acid solution 
whereby .an insoluble lead chromate is produced. If the sohition if 
cold the precipitate is very finely divided and difficult to work. 
On warming, it assumes a darker colour and becomes flocculcnt; 
in this condition it settles readily and is easy to filter. The change 
begins at about 40° or 50° C., and is complete in solutions 10 or 2e 
degrees hottei. The solubility of lead chromate in faintly acie 

•K,0r04 + Pb{NO,), = PbCrO* -t 2 KNO, 



fiquor is perceptible at the temperature of boiliog, even if the arid 
be acetic and only 2 or ' c.c. are used for each 100 c.o. of the 
eolation. At tho ordinary temperature the solubility is not 
appreciable. Sodium acetate and an excess of potassium chromiitf 
reduce the solubility in the hot slightly acid solui t.ns. If during 
the re-action the lead is in excess, and hut liquora are used, then 
the precipitate will carry more lead than the formula PbC'rO, 
warrants, and the excess will vary within rather wide limits 
according to the manner of working. 

A steady worker will obtain fairly concordant residts even 
under these adverse circumstances ; but it is better to keep tho 
potassium chromate in excess, and this is easily done by pouring 
the hot liquor containing the load into a solution containing 
more than enough chromate to precipitate the whole of the lead 
present. By pouring the lead solution, hot, into a cold chromate 
solution, one may get a final tempoialure of about 60 0., and tho 
resulting precipitate will be easy to manipidate; but if tho tem¬ 
perature is not high enough a subsequent warming has no bad 
result, and brings the lead chromate into tho desired condition. 

The lead having been converted into lead chromate, its amount 
may be determined by any method which measures the chromate. 
A small precipitate may be dissolved in dilute hydrochloric acid 
and treated with poto^ium iodide; a titration of the liberated 
iodine by a standa^ solution of stannous chloride will measure the 
leiid present. For larger quantities a solution of ferrous chloride 
will be better: the re-action* is that which occurs in the bichro¬ 
mate assay for iron, and the method of working is the. same, 
except that here the iron is in the stand.ard solution and the 
chromate in the assay liquor; and that tho end of tho titration is 
marked by the appearance, instead of the disappearance, of a 
greenish tint in the tost drops on the plate. As the student 
should learn the iron assay before attempting this, there is no 
need to repeat the details of the titration here. In dissolving the 
lead chromate, however, there are some points of importance: the 
precipitate from one gram of lead may be dissolved in 200 c.c. of 
water with about 15 c.c. of hydrochloric acid by warming not too 
quickly and withdrawing the heat as soon as the liquor clears. 
Overheating decomposes the chromate with liberation, and loss, 
of chlorine; thus spoiling the assay. With care, quite good 
results are to be expected, and with small precipitates it is not 
easy to go wrong. Yet for the assay of an ordinary galena it 
is safer to avoid the risk and to work an indirect titration. 


PbOrO, + SFeCl, + 8 B 01 = PbCl, + CiCl, + 3 Fe 01 , + 4 H ,0 
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In the indirect titration a quantity of ptandavd chromate solu¬ 
tion for about .i gram more lead than is cxpi clc ! t:> be present 
in the assay liquor is carefully measured from a bir ull.c into a i6- 
ounco flask. Tho liquor containing tho lead is lie.itrd io boiling 
and poured into tho cold chromate : its hulk should bo uch that, 
after mixing with the chromate, the temperature should he some¬ 
thing over 6o° C. Thi precipitate is then flltcrcd olf, and the 
excess of chromate dctei mined hy titrating *he llllratc with a 
standard ferrous solution. By deducting thi-i excass from tho 
quiinlity originally taken you get the .amount used up b' tho leiui. 

The Standard Perrons Solution aired foi- the uidiret t; titra 
tion m.ay be made with ferrous sulphate; hul for ,lia uuect 
titration ferrous chloride must he used. This is be(.\.'- of the 
presence of lead in the as.s.ay liquor; tho sulphate in tiii-.-'iuiidard 
solution causes a piecipitalion of lead suljdiat.n during the titra¬ 
tion, and tliis carries down with it smlicieut lead chromate to give 
it a distinct colour. Lead chloride, even if it separates, canses no 
such tronhle, as it is not liable to the same contamination. In 
the indii'ert titration there is ho lead in the as.<!ay liquor. The 
standard solution should contain 8.IJ gr-ims of iron to tho litre 
in order that loo c.c. of it shall ho equivalent to i gram of load. 
It is hotter to make tho stock a little stronger than this, and 
dilute the quaiititios required from time to time to the exact 
strength, so that loo c.c. of it shall require loo c.c. of the 
standard chromate for a titration., In making the solution weigh 
up 8.2 grams of soft iron wiro, dissolve it in hydrochloric acid, 
and dilute to i litre. Or take 41 grams of ferrous .sulphate 
crystal;, 100 c.c. of dilute sulphuric acid, and, having dissolved 
the salt with water, dilute up to i litre. Measure carefully 80 
or 90 c.c. of it, titrate with the standard chromate, and add as 
much move water as is necessary to ofpealise the two solutions. 

The Standard Chromate Solution is made by dissolving 9.40 
grams of potassium chromate in water and diluting to i litre: 100 
c.c. of it will l)e equivalent to i.oo gram of load. Its strength 
should he checked hy standardising with a known weight of lead, 
about .7 or .8 of a gram. The standard solution may Im made 
with 7;,i3 grams of bichromate of potash and 4 grams of bicar¬ 
bonate of soda instead of the 9.4 grams of potassium chromate. 

A Standard Solution of Lead is convenient. It may be made 
by dissolving 16 grams of nitrate of Iciid in water and diluting ot 
i litre: 100 c.c. will contain i gram of lead. 

Acetate of Soda Solution.—^Weigh up 250 grams of the 
crystallised salt, dissolve in water, make faintly add to litmus 
with acetic ggid, and dilute to i litre. 
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StandardiBing the Chromate Solution.—Weigh aecn- 4ely 
a piece of pure lead of about .8 gram. Place in an 8-ounce flask 
with 10 c.c. of dilute nitric acid, heat to dissolve the metal; and 
then evaporate neiirly to dryness quickly but with cara to avoid 
bumping. Add 20 c.c. or 30 c.c. of water .and boil briskly. Cool 
and add soda caotiou.sly till the precipitate formed becomc.s per¬ 
manent. Add a piece of litmus paper; if it is not blue add more 
soda until this colour is obtained. Add acetic acid until the 
■litmus is reddened and then 2 or 3 c.c. in oxce.ss. Add 20 c.c. of 
sodium acetate solution, and make up with water to 150 c.c. 
Heat to boiling. Measure into a pint flask from a burette 90 c.c. 
of the standard chromate solution. Pour *he hot lead solution 
into the chrom.ate; shake well, e.llow to settle, filter. To the 
filtrate add 30 c.c. of dilute sidphuric acid, and titrate with 
standard solution of ferrous sulphate. Tho .• '.say liquor should 
be in a basin, as in the bichromate iron assay. The standard iron 
solution may be run in freely as loi g as tiie yellow tint of the 
chromate remains; when the iissay liquor becomes green test with 
drops of ferricyanidc of pota.ssium solution on a porcelain plate. 
Continue the titi-iition .about i c.c. at a time until a bluish tint is 
obtained. Now bring the burette, with the stondard chromate, 
and run in this solution a drop or two at a time until tho bluish 
tint is no longer obtained, exactly as in tho iron assay. The 
calculation required is best illustrated by an example. Suppose 
.8105 gram of lend were taken with 90.0 c.c. chromate, then 90.0. 
of the standard ferrous sulphate, and, finally, .3 c.c. of chromate 
to complete the titration. Tlio total chromate used, that is, the 
reading of the burette with tho chromate solution, would l»e 90.3 
c.c. Of this the 9.0 c.c. of ferrous sulphate accounts for, say, 
9.1 C.C. : the correction here deisends on the relative strengths of 
the two solutions. Then90.3- 9.1 givesSt.ac.c. chromate = .8103 
gram of load; then 100 c.c. = .9982 gram. This is the standard. 
The chromate solution keeps its strength woU. The standard 
ferrous sulphate weakens on standing. 

Zleternunation of Lead in a Mich Oalena.—Weigh i gram 
of the very finely powdered ore and place in an 8-onnce fliisk with 
40 c.c. of dilute hydiwhloric acid. Boil veiy gently until the 
attack is complete; add a few drops of permanganate of potash 
solution and boil oil’ the excess of acid, briskly at first, then more 
cautiously, to avoid bumping. Add 20 or 30 c.o. of water, and 
then soda till the liquor is alkaline. Acidify with acetic, ifec., 
exactly as in the standardising. Having finished the titration, 
calculate how much of the chromate solution is equivalent to the 
ferrous sulphate solution you used, and deduct this amount from 
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the total chromate rim in: this gives the quantity of chromate 
Bolufion used up by the lead in i gram of the ora Calculate the 
percentage in the usual way. 

Determination of Load in Poorer Lead Ores.—Weigh 
np 1 gram of the finely powdered ore and heat to about boiling 
for 10 or IS minutes, lioil down to a bulk of about 5 o.o., 
add a small cry,stal of chlorate of potash towards the end and 
continue the boiling till the chlorine is driven oflT. Dilute to 
150 c.c. with water; see that the lead chloride is dis.solved. Pa.s3^ 
Sll„ allow to settle, filter. Wash the precipitate hack into the 
flask and complete the cleaning of the filter by pouring over it 20 
C.C. of hot dilute hydrochloric acid. Boil down to about 10 c.c. 
Add a few drops of permanganate solution and boil off the chloi ine. 
Cool: add soda to get a permanent precipitate, acidify with acetic 
acid, &c., exactly as in the standardising. Use about ioac.of chro¬ 
mate more than you expect the lead to use up. Titrate as before. 

MOLYBDAT^ METHOD. 

This is based on the reaction* between lead salts and ammonium 
molybdate in solutions made more or less acid with acetic acid. 
Lead molybdate is formed as a white precipitate which, in th( 
earlier stage of the titration, does not settle readily. When 
almost all the lead has been thrown down it goes down fairly 
well, leaving the liquor over it colourless and clear. It is less 
sensitive to the presence of acetic acid and foreign salts than lead 
chromate is .and its compo.sition docs not vary so much with varia¬ 
tions ir the conditions under which it is precipitated. 

The finishing point is got by testing for ammonium molybdate. 
This is done by bringing a drop of the as.say liquor into contact with 
a drop of a solution of tannin on a porcelain slab; the presence of 
ammonium molybdate is shown by a brown colour. With such small 
quantities of molybdate as .1 or .2 c.c. of the standard solution in 
200 c.c. or 300 c.c. of water the colour is rather feeble for a sharp 
determination when tested in this way, especially in the presence 
of acetic acid. But larger quantities, such as 2 or 3 c.c, of the 
assay liquor filtered off into test tubes, give much plainer indica¬ 
tions. The following plan of working then appears convenient 
Let the assay liquor containing the lead and acidified with acetk 
acid be heated to boiling. Run in the standard solution oi 
ammonium molybdate with occasional rehesting until the precipi 
begins to settle readily, then proceed more cautiously, addinf 

• AmjMoOj + PblNOjl, = PbMoOj + 2 AmN 0 |. 
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the molybdate solution i o.c. at a time until two drops of the assay 
liquor give a brown colour when brought into contact with a drop 
of tho tannin solution on the porcelain slab. Filter off 2 or 3 c.c. 
into a test tube; add three drops of tannin solution: from the 
depth of colour produced an estiuiato can be made to how much 
the titration is over-done. Kun in from a burette a little more of 
a standard solution of load than is judged to bo necessary to 
coxTCct for the excess of molybdate used. Suppose i c.c. of lead 
solution added : equivalent to i c.c. of the standard molybdate. 
Filter off into a test tuho 2 or 3 c.c. of tho assay liquor and again 
lest with throe drops of the solution of tannin, which will show no 
reaction : if it does, add .5 c.c. of lead solution and test again. Then 
add molybdate solution .1 c.c. at a»tiino, filter oft’ portions into 
test tubes after each addition. 1’l.ico tho test t'-.lws in a stand in 
proper .sequence, counting from left to right, and note under each 
tube the corrosponding refidiug of tlu.’ imrette. When a series 
h.as been obtained drop into each tune three drops of the tannin 
solution and shake to complete the mixing. In a few uionicuts 
the finishing point will be shown with beautiful distinctness ; one 
of the tubes will show a faint brown tint and those on the right 
of it a giudually increasing colour : this marks the finish, and 
the burette reading below this tube is the one required. 11 will be 
necessary to deduct from it the equivalent of the lead solution 
run in. 

Worked as just described the portions withdrawn for testing 
will apparently demand a coriection for loss through withdrawal 
of such considerable quantities of tho a.ssay liquor; but if done 
strictly as described the correction will rarely reiich .05 c.c. and 
need not bo made in ordinary tsrses. The as-say may bo worked 
in the ordinary way, finishing olf with a drop of the molybdate 
solution at a time until the test on the porcelain slab shows a 
faint brownish tint. 

Tho Standard Solution of Ammonium Molybdate is made 
by dissolving 7 grams of ammonium molybdate in water and 
diluting to l litre. If necessary a few drops of ammonia may 
bt added to clear it. ' This should be standardised and diluted to 
the strength too c.c.= i gram of load. If the standard as found 
is 1.04, then 4 c.c. of water should be added to each 100 c.c. of the 
standard solution. 

The Solution of Tannin is made by dissolving 1 giam of 
tannin in 300 c.c. of water. This solution should bo m.ade from 
time to time as wanted. Solutions of lead and sodmm acetate 
will be required; these should be prepared as described under the 
Chromate Method. 
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Standardising the Molybdate Solution.—Weigh accurately 
a piece of lead foil of about .5 gram. Dissolve in a 4-inch dish 
with 10 c.c. of dilute nitric acid. (Jool: add 5 c.o. sulphuric acid 
and boil until the snlpliuric acid fumes appear. Allow to cool: 
add 70 c.c. of water : boil and filter. Wash with amtdl cpiantities 
of water; keep the lead sulph.ite in the dish as far as possible. 
Add 10 c.c. of acetic acid to 80 c.c. of sodium acetate solution ; 
boil and run through the filter into the dish: boil in the dish 
until the le.ad sulphate is dis.solved. Transfer to a wide-necked 
flask and dilute to about 250 c.c. lloil and titrate with standard 
molybdate solution in the manner de.scribed above. Calculate the 
stand.ird in the usual w.ay. 

Assay of a Poorer Load Ore or Matto.—Weigh up 1 
gram of the very finely powdered ore or .5 gram if it is rich in lead. 
Treat in a 4-inch dish with 5 c.c. sulphuric acid and 5 or 10 c.c. 
of nitric acid, lloil oliVJho acid till the dense sulphui'ic acid 
fumes appeal'. Allow to cool. Add 70 c.c. of water, boil, filter, 
A'c., exactly as in the standarjlisiug. 


COLOHIMETBTC PEOCESS. 

This is based upon the brown oolor.ation produced in very 
dilute solutions of lead by the action of a solution of sulphuretted 
hydrogen. The quantity of lead in the 50 c.c. of the as.'aiy solu¬ 
tion must not much exceed 0.5 milligr.-.m, nor bo less than o.oi. 
The sulphuretted hydrogen is used in the form of a solution, and 
is not bubbled through the assay. The principle of working is the 
same as pi'eviously described. 

SUiiidard Lead Solutmi .—Each c.c. of this should contain o.i 
milligram of lead. It is made by diluting 10 c.c. of the solutiof 
of le.ad nitrate, de.scribed under the volumetric process, to 1 litre. 

Svljihuretted hydrogen water is m.ade by passing a current of 
the washed gas into the water till the latter is saturated. 

Eive c.c. of the sulphuretted hydrogen water are put into a 
Nessler tube, the measured portion of the assay solution added, 
and tlio whole diluted with water to the 50 c.c. mark. Into the 
standard Ne.s8lcr tube the same amount of the sulphuretted 
hydrogen water is put, and diluted to nearly 50 c.c. The stand¬ 
ard lead solution is then run >n till the tints are equal. The 
.iisaay solution must not contain much freu acid, and if the condi¬ 
tions will allow it, may with advantage be rendered alkaline with 
ammonia. The chief cause of disturbance is the precipitation of 
lend sulphide forming a black turbid solution instead of a 
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brown clear one. Tljis may be au<Kod by \iwng hot solutions or 
an excess of acid. Oihev metals j>ieci})itable by sulplniretted 
hydrojfcn innst be absent as nell as stmig oxidisin" apfcnts. 

Effect of Varying Temperatuio.— 1 ’ho clVecl. of increased 
temperature is to change tbe coluui'from brown to black, and to 
render the estimation (liiliculi. 

1 C.C. at 15* C. sliowcd the colour of 0.5 c.c. al OcT 0 . 

2 „ v M 1*5 »» f'* 

» „ » .1 5-0 » 50 0. 

Effect of Varying Time.—The colour becomes lighter on 
standing: 2 c.c. on standing 10, 20, and 40 minule^s became equal 
in (•olonr to 1,7 c c. 

Effect of Acids and Ammonia.—T\voc.c. of the solution with 
2 c.c. of dilute liydi fKdiloric acid la^came clou<ly and equivalent to 
about 2.5 c.c.; and a, similar ri‘sult was got willi 2 c.c. of dilute 
pulpbunc acid. With 2 c.c. of dilute ammonia the solution became 
somewhat darker, or equal to 2.3 c.c.; >but gave a very clear solu¬ 
tion easy to com]'are. 

Determination of Dead in Commercial Zinc.—Dissolve 
0.1 gram of the metal in j c.c. of dilute nitric acid evaporates till a 
solid separates out, dilute to 100 c.c. with water, and take 20 c.c. 
for assay. A simiple treated in this way required 2.4 c.c.; this 
multiplied by 5 gives 12.0 c.c., equal to 1.2 milligram of lead, or 
1.2 per cent. By grav imetric a.s.sji.y the sample gave i.io per cent. 

PKACTIOAL KXKRCISES. 

1 . Thirty grains of galena gave on dry assay 2i grams of lead; and this, 

on ciij)cllation, gave 15 Tnilligraiiis of silver. Csdcul-atc tlio-osults 
in per cents, of load and in ounces of yilver to the ton of ore. 

2. How many ounces of silver to the tor would be contained in the 

lead got from this ore if the loss in rmelting is C(joal to that of 
the assay ? 

3. Having given you a sample of white lc.ad freed from oil by washLig 

with ether, how would you proceed to determine the percentage 
of lead iu it? 


T 31 ALLIDM. 

Thallium is a rare metal, found in small quantities in some 
varieties of iron and copper pyrites, and in some litlim micas. It 
rf^mbles lead in appearance. Its compounds msemble the salts 
Df the alkalies in some respects; and, in others, those of the hefivy 
metals. 

It is detected by the green colour wliich its salts impart to the 
flame. This, when examined with the spectroscope,, shows only 
one bright green line. 
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It is separated and estimated by dissolving in aqua regia, 
converting into snlfili.ito by cv!ii»iation with sulphuric acid 
separating the se(tond group of inehils with sulphuretted hydrogen 
in the acid solution, boiling oil'the excess of the gas; nearly neu- 
ti-iilisiiig with carbonate of soda; and precipitating the thallium 
with an excess of potiussic iodide. On allowing the liquid to stand 
for some time a bright yellow precipitate of thallous iodide seir.i- 
iiiTe.s out. 'Phis is collected on a weighed filter; washed with cold 
water, finishing olT with alcohol; dried at 100° C., and weiglied. 
The precipitate Ls thallous iotlide Til, and contains 61.6 per cent, 
of thallium. 

BISMUTH 

Bismuth is nearly always found in n.ature in the metellie state; 
but occasionally it is met with as sulphide in bismutliino and iis 
cai'boimto in bismutite. It is also found in some eomj'ariUively 
riu'e minerals, such as totr^ymite, romhiued with tulluriuin, and 
assocnitod with gold. In minute quantities it is wididy distributed: 
it is a common constituent of post eop|vjr ores; hence it finds ils 
way into refined oopjier, uhirh is .scldkim free from it. It is occa¬ 
sionally met with in .silver in saiBcient qnaniify to interfere with 
the working qualities of tliai metal 

Bismiilli comimumls are used in medicine and in the mannfac- 
tiiro of alloys. Bismuth pos,seases many useful properties. It has 
considoialile commercial value, and soils at a higli price. 

Tlie metal is brittle, bleaks with a higbly orystalliuo fraeture, 
and has a eharacteristic reddisli-yellow colour. It i.s almost in¬ 
soluble in hydrochloric, but readily dissolves in nitric, acid; and 
gives! if the acid is in excess, a ch'ar .solution. Bismuth salts have 
a strong tendency to separate out as insolulJe basic compounds; 
this is more e.s£iecially true of the chloride wliicli, on diluting with 
a large volume of water, Iieeoraes milky; tlie whole of tlie bis¬ 
muth separating out. The nitrate, carbonate, and hydrate yield 
tlie oxide (Bi,( I,) on ignition. This oxide elosoly reacmble.s litharge. 
It combines with silica, forming Iluid slags; and at a red heat is 
li([uid enough to bo absorbed by a cupel; in fact, hismutli may 
take the place of Usui in cupclliition. The mehd itself is easily 
fu.sihlfi, and may be separated frem its ores by hquation. 

The a&say of bismuth by wet methods presents little dillieulty, 
and is fairly accurate. The price of the msta! is suclt that only 
methods wlrieh yield good results should bo adopted; and, sitree 
bisnmtlr is volatile at tire teurperatur'e cf the furnace, and is 
foimd mixed with ores not easy to flux, as also with metals which 
arx) not easily separated by the dry nrotliod, the dry assay can only 
be considerqfl as having a qualitative value. 
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DEY ASSAY. ■ 

By Liquation.—This is adapte<'i to ores oontaining the his. 
mulh as luelal. Tate grams of the powdered ore and plaee 
in a crncible with a perforated bottom, put this crucible into 
another of alwut the same size and lute tho jo’i t. Lute on a 
cover, place in the furuaco and heat to redness. The bismuth 
molts reiidily and drains into the lower crucible from which, when 
cold, it is taken and weighed. 

By Fusion.— For fairly pure ores the process i.s as follows :— 
Take 20 grams of the oro and mix with 20 grams of fusion 
mixture, 10 grams of salt and 5 or 10 giani.s of potassium 
cyanide ; place in a crucible, cover, and fuse at a moderate tem¬ 
perature for aliout fifteen minutes^ pour; >vbeu c<dd detach tho 
metal and u eigh. 

For cojipery ores in which the inebvls are pie.sent as sulphides 
use the fluxes just given with 2 grams,of charcoal (instead of the 
cyaidde) and a little sulphur. 

For coppery ores in which the metals are present as oxides, 
mix 20 grams of the ore with 10 griims of fusion mixture, 4 
grams of salt, 4 grams of sulphur and 2 grams of charcoal; and 
fuse. 

A considerable percentage of bismuth is lost in thase assays; 
it is stated as being nearly 8 per cent, of the metal present. 

WET METHODS. 

Detection.—Bismuth is detected by drssolvttrg the substance 
in nitric or hj'drochloric aetdatrd precipitating tho diluted sol-ition 
with sulphuretted hydrogen. The precipitated sulphides, after 
digesting with soda and wiishing, ai-o dissolved in nitric acid arrd 
tho solution boiled with ammorrium carborrate. The precipitate is 
washed and then warmed noth dilute sulphuric ludd. Tho solution 
will contain the bismuth. Add a solution of polaasium iodide in 
excess, and boil; a yellow or dark brown solution proves that 
bismuth is present. Another good test for small quantities of 
bismuth is to .odd tartaric acid to the solution to be tested, and 
t hen to make it alkaline with potash. Add a few c c. of 
Bohneider’s liquid,* and heat. A brownish-black colour is pro¬ 
duced by as little as one part of bismuth in 200,000 of solution. 
The test is not applicable in the presence of mercury, copper, or 
manganese. 

* Made by dissolving t2 grams of tartaric acid and 4 granm of stannons 
chloride itr water, and adding potash solution till it is alkaline. 'I'hi 
solution should letnarn clear on heating to 60 “ or 70° 0. 
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Compounds of bi.smntli fused with cy:iiii<le of potesiiim in a 
Berlin erneiblo remlily give a globule of bismuth which i.s re¬ 
cognised liy its appciurance and fnicture. 

Solution and Separation. The solutioti of bismulh com- 
pounils presents no dilliculty. They iiro soluble in nitric acid or 
aijua regia, and, )irovided the solution is auliicieutly acid, they 
remain dissolved. In sep.iratiug it from othoi' metals the .solution 
is made u|> to about loo c.c. and treated with a current of 
Bulphuretled hydrogen. The bismuth comes down in a tolerably 
strong acid solution. The sulphide is decanted on to a filti-r and 
washed, ft is next digested with amnionic sulplude ; or, better 
(especially when other metal.s are present), dis.adved in nitric 
tU'id, and treateil with an e.veess of aminonia and a current of 
sul)>hurcttcd hydrogen. The preci|)itate is tiltereil oil' and 
evapoiuted to diyniws with nitric acid. It is talien up with a 
few drops of sulphui'ic mud .ami a little water; and warmed and 
filtered, if neci'ssary. Tile filtrate is nearly nenIralLsed with 
ammonia; ammonium carbonate added in slight excess ; and tho 
Ifijuid liealod to boiling and Kltered. The hi.^muth will he eou- 
t.uined in vho precipitai* with jMirliaps traces of lead, antimony, 
tin, or sometimes iron from incoinplele senaration or washing. 
When only truces of a preeipitato aie got it must be tested. The 
bismuth jirecipitato is readily soluble in dilute nitric acid. 

GHAVIMETRIC DETEEMINATION. 

The bismuth having l«>en separated .uml dissolved in nitric 
acid* is precipitated (after ddution) by the addition of earhonato 
of aihmonium in slight excess, and boiling. The precipitate ia 
filtered off, wa.shcd with hot water, dried, ignited, and weighed. 
Tho ignition should be performed carefully at not .above a low 
red heat. The oxide which is formed h.as, at. this temperature, a 
dark yellow or brown colour, and becomes yellow on cooling. It ia 
bismuthic oxide (BijO,) and contains 89.65 per cent, of bismuth. 
Fusion with potassium cyanide at a temperituro just suilicient to 
inelt the salt reduces it to the metal which falls to tho bottom 
and runs into a glohulo. Tho button of metal may be weighed, 
but it. often sticks tenaciously to tho bottom of tho crucible. The 
precipitation with amnionic cai'honate must not be m-ude in a 
sulphate or chloride solution ; since basic enraeeunds would then 
DO thrown down, and the result on weighing would either be too 
low (because of the volatilisation of tho ihloride), or too high 
(because of the retention of sulphuric acid). 

♦ It mast be remembered that arsenate of bismuth is completely In- 
•oinble in this ccid. 



BISMUTH, 


223 

Bi.sinutJi compounds in a nitric acid solution are readily decom¬ 
posed by the electric current, but the deposited bismuth is not 
coherent. It comes down in shaggy tufts which are difficult to 
wash and easy to oxidise. 

VOLTTMETEIC ASSAY. 

There aie two methods which have been proi)Osed; one based 
on the pieclpitixtion as chromate and the estimation of the 
chromic aciil; and the other on the pi'ecipitation as oxalate and 
subsequent titration with peimangfinate of potash. These offer 
little advantage over the easy gi'avimetrie determination. 

COLORIMETEIC KETHOD. 

Bismuth iodide dissolves in excess of potiissium io<lido, forming a 
yellow-coloured solution, iudistiiiguishablo in colour from that 
given by iodine. The colour, however, is not removed by boiling 
or by sulphurous acid. Since none of the commoner metals give 
such a colour, and free iodine is eiusily .separated by boiling, this 
method is specaally suited for sm.all determinations of bismuth. 

It requues a solittiwu of bi/tmulh, made by dissolving o.i gram 
of bismuth in a drop or so of nitric acid, evaporating with a little 
suliihuric mid and diluting with water to 1 litre, ice. will 
conbiin o.i milligram of bismuth. And a solution of sulphmrous 
acid, uifule by diluting 10 c.c. of the commercial acid to 1 litre 
with water. ^ 

The deteiTOination is made in the usual way: Jo c.c. of the 
prepared solution, which should iiot cairy more th.an 0.75 milli¬ 
gram nor less than o.oi milligi'.am of bismuth, are placed in a 
Ne.ssler tnlie and the colour compared with that ol»erved in a 
similar tube containing water and potassium iodide on adding the 
standard solution of bismuth. 

The assay solution is prepared by separating the bismuth with 
sulphuretted hydrogen, boiling the precipitate with nitric acid, 
and evaporating with sulphuric acid. Take up with water, add 
lo or 20 c.c. of solution of potassium iodide, boil off' any iodine 
liberated, dilute, filter, and make up to 100 c.c. According to 
the depth of colour take 10, 20, or 50 c.c. and transfer to the 
Kessler tube. Add a few c.c. of the solution of sulphurous acid. 
Into the other Kessler tube put as much potassium iodide solu¬ 
tion as is contained in the assay tube, with sulphuroys acid and 
water to within a few c.c. of the bulk. Then add the standard 
bismuth solution till the tints are egush 
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The student must be careful not to contuse the colour of the 
bismuth iodide with that of free iodine. If the yellow colour is 
removed by boiling and returns on standing it is due altogether 
to iodine ; if it is lessened by the addition of a few drops of the 
dilute sulphurous acid, it is in jMirt due to it. Hence the neees- 
■dty of having a little free sulphurous acid in each tube. A 
St rung solution must nut be used, since it liberates iodine from 
pi)tas.siuin iutlide. 

The following experiments illustrate the elPect of varmtion in 
the conditions of tho as,s;iy:-- 

Effect of Varying Temperature.—At a higher temperature 
the colour is somewhat leasuned. 

1.0 c.c. at 15° 0. showed the colour of 0.8 c.c. at 70° 0, 

2-5 .. .. » .. 

50 „ „ . „ S-o - 

Effect of Free Acid.-*- 

2.5 c.c. with 5 C.C. of nitric acid equalled 2.5 c.c. 

5.0 „ „ CBuiphiiric acid ., 5.0 „ 

Hydrochloi-ic acid almost completely removes the colour, which, 
however, is restored by the addition of a few crystals of potassium 
iodide. 

Effect of Alkalies.—Ammonia, soda, or potash destroys the 
colour, but it is restored oh acidifying with nitric or sulphuric 
acid. 

Effect of Ammonic Salts.—^The 'ollowing table shows the 
resul.ts after adilition of ammonic salts :— 


C,e. prCBcnt. 

With lotfnims 
AiiiiiiDiiiv .Nitrate. 

With 10 cramfi 
Anitii»inc Bulphiite. 

With 10 tr'ami 
Ammonia Chloride. 


mmsm 












Ammonic chloride, like hydrochloric acid, removes the colour, 
which m!iy he restored on the addition of more potassium iodide. 
Nitrates and sulpliates do not thus interfore. 

Effect of Foreign Sadts.—Sodic hyposulphite almost com¬ 
pletely removes the colour. Copper salts liheiate iodine; but 
when this has been removed by boiling and the cuprous iodide 
-has been filtered off there is no fni-thcr interfereuoe. Pilut« 
solutions of lead salts give im> colour. 
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PRACTICAL KXKllCISES. 

I. A fnBible alloy is made np of 8 parts of hisronth, 5 of lead, and 
3 of tin. Wbat wc.;. Lt of oxide of bismuth, Bi,0, would you get 
on tlio analysis of i (jram of it 1 

t. What, weight of Usmntb can bo got from 2 graias of tho subnitrale 
JiiOMO, H5O! 

3, How would you detect and separate arsenio, lead, and copper in a 
sami'lc of bismutii ? 


AMIMONY. 

Antimony occtirs in tlie native stain, but is rare; its common 
ore is antimonite, the siilphiilo (Kb,ft,). Jamesonite and other 
Bul[)hi(lcsol' loiid iitid antimony are frequenOy met with, Siilpbi<le 
of antimony is also a constituent Bif falilcrz and of many silver 
ores, 

Antimonite occurs generally in fibrous masses, has a lead-like 
metallic lustre, is easily cut with a knaV, and molts in tho flame 
of a candle. 

Antimony itself has a very crystalline fracture, is brittle, and 
has a bluish-white colour. It is used iu the prepaiution of alloys 
with lead and tin for the nnanufacture of type-metal. It is readily 
fusible, ninl imparts hardness and the property of taking a sharp 
cast to its alloys. It is practically insoluble in hydrochloric acid. 
On luiiling with strong nitric acid it is convei-ted into aiitimoiiic 
oxide (KbjOj), wliich is a powder almost imsoluhle in this acid 
or in water, but wliich may be got into solution with dilliciilty by 
the pioloiigeil aclinii of hydrochloric and tartaric aoid.s. Anti- 
moiiic oxide is converted on ignition into the tetivixide (SI-,0,) 
with loss of oxygen. Aiiliniony forms two series of salts, anti- 
monious and aiitiinoiiic; and advantage is taken of this in its 
determination voluiiiotrically. Either sulphide of antimony yields 
Mitimonioiis chloride on boiling with hydrochloric acid, sulphuretted 
hydrogen being given off; and, in the case of antimonic sulphide, 
sulphur is deposited. Antimoiiious is converted into antimonic 
chloride by treatment with permanganate of potash in an acid 
solution. Antimonic chloride and potassium iodide react, forming 
antimonious chloride and free iodine. This latter may he got rid 
of by boiling. Sulphide of antimony is separated from the ore 
by liquation; this regulus is met with in commerce as “crude 
antimony.” 

DRY ASSAY. 

An approximate determination of the amount of sulphide of 
intimony in an oro may be made by fusing and liquating in a 
luted double crucible in the nuinner described under bimuth. 
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This is unsatisfactory. The cictcrmination of metallic antimony 
in an ore is made either by fusion with potussium cyanide or by 
fusion with iron, as in the |,’alcua assay. Both methods yield 
poor results ; and, where iron is used, it must be added in (piantity 
only sullicient for dosulphurising; tliis amounts to about 40 jht 
cent in pure ores. Jf the iron is in excess it alloys with the reduced 
antimony. If, on the other hand, it is insuilieient, the metal will 
contain sulphur; or sul[ihide of antimony will be lost in *''« slag. 

The following note, for which we are indebt'd lo Mr. Bedford 
Mcf^ejll, A.K.S.M., gives a diaicriptiou of the method adopted in 
the commercial valuation of a paicel of antimony ore:— 

Tlie antimony smeller, when he wLshi'S to detmmine the value 
of any parcel of ore—usually the suliihide—that may Iw oll’ered 
for sale, practically has re(S)\irso t) the smelting operation. That 
is, a (piantity of 2 or 3 ewts. taken by hts sampler having bi-en 
obtained, ho treats it under the immediate supervision of the 
foreman smelter .as if it fol ined part of the ore in process of daily 
reduction at his works. He thus determines by actual trial the 
output which it may faiiiy b>s anticipated will be yielded by the 
bulk, and upon the lesult of this t.i i il or as-say, aud the know hylgo 
gained of the actual behaviour of the ore under treatment, he 
bases his tender, knowing that, should he secure the parcel, he 
may confidently expect a similar return. 

Briefly, the process consists of the three ordinary operations 
of— 

(a) Singling or removing most of the antimony from the ore; 

(b) Doubling; 

(b) Eefining or “ starring." 

But in the assay suflicient information is generally given by the 
first two of these. 

A new pot having been taken and made hot in the funiaco, 
40 or 45 lbs. of the ore is weighed in (the niineml from the neces¬ 
sities of sampling not exceeding walnut sisc) ; 1 to 3 lbs. of salt 
cake is now added to render the separation of the re.sulting sul¬ 
phide of iron more easy, as also to assist in the fusion of the 
gangue; 20 to 25 lbs. of tin-plate scrap, beaten more or less into 
ball shape, is weighed, placed on the top of the ore and salt cake, 
and the whole brought to a state of fusion. The foreman from 
time to time takes notice of the behaviour of the ore under the 
working conditions. Ores that manifest a tendency to “ boil ” or 
“ froth” require the admixture of other move sluggish mineral in 
6rder to render their reduction economically practicable. 

After ho hoirrs (the time depending mainly on the tem¬ 
perature), the contents of the crucible are usually in a state of 
t^quil fuMon. The pot is new lifted from the fire, aud its 
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contoiits transferred to a coniral iron mould, the empty pot being 
iiniHi'iliatcly put hack into the lire, and the latter “mended” 
with suUicient coke for another run. The conical mould (when 
defiling uith a “ strange ” ore, an<l the possibility of insuiTicient 
iron heiug present to satisfy the sulphur content.'") ; f wiped inside 
with clay previous to pouring in the molten charge. Otherwise 
the mould itself will ho attacked, and the contents after solidifying 
will roipiire to be chiselled out piecemeal. 

A further 40 Ills, of the ore is now chaigoa late the crucible 
with iron as above; but lief ore this second charge is ready to bo 
drawn an inspection of tho first may suggest the addition of 
either 3 or 5 Ihs. more iron, or 5 or 10 lbs. more ore. 

It i.s a good fault rather to aim at an excess of iron as tending 
to clean the ore from antimony, any of tho hitler that (from an 
• insufficiency of iron) may lie left in the slag from tlie first proce-ss 
being irretrievably lost; whereas, if the iron bo in excess, that 
■which is combined with the crude .jitimony resulting from tho 
first process is easily got rid of by adding 3 to 5 lbs. or so of ore 
in the second proce.s.s. 

This latter, as priu tised for the determination of the value of a 
parcel of ore, consists in selecting two of the best quality singles, 
resulting from perhaps four or five trials as above, and running 
them down with a few pounds of salt cake, or a mixture of salt 
cake with American pota.sh, and (as is generally necessary) a small 
addition of ore. 

Upon the final result (confirmed perhaps on another pair of 
singles, and, judging from the totiU weight or output of the 
metal as calculated from the ore used in “ singling,” plu^ any 
added in the “ doubling,” the crystalline fracture and face of the 
metal, its colour, kc.) the price to be ofi'ered for the parcel of ore 
is fixed. 

WET METHODS. 

Detection.—^The antimony, if any, being got into solution by 
treating the ore with hydi'oohloric acid or aqua regia may be 
detected by evaporating with hydrochloric acid, diluting,' and 
filtering into tho cover of a platinum crucible or (better) a pla¬ 
tinum dish. A small lump of zinc is then added, and, if antimony 
is present, the dish W'ill in a minute or so be stained black with a 
deposit of metallic antimony. This stain is removed by nitric, 
but not by hydrochloric, acid. Tho reaction is delicate and 
characteristic; arsenic under like conditions is evolved as arseniu- 
retted hydrogen, and tin is deposited as metal mt the Sine. 

Solution.—Ores, itc., containing antimony are best opened up 
by boiling with hydrochloric acid or aqua regia; treatment witk 
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nitric acid should i'o avoided wherever possildo, niuce it forms 
antimonioacid,wlo is subsequently dissolved only with difficudry. 
Salts of antimony , solution have a tendency to form insole Is 
basic salts; so tbit, care must be exercised in dlhifcing. 0 ■ 
pounds such as antimonite which are soluble in hydrochlo ' 
should be dissolved at once in that acid. 

Separation,—To the solution add poLash in exce^ arid , i 
free sulphur, and pass a current of sulphuretted hydrogen ior, m 
minute; allov, to digest for ao hour cv so on a hot plate; flit, ; 
and wash fh ' residue. Acidulate the fJKi.ite vi o hydrochiori ■ 
acid; the pi-coipirate will contain fbe io inuony (as Sb^Sj), at ii 
pos-iblvarsenic - r .pi. The procipit.le i- m .ferrej toa beaker 
b 'led with h) )■’ eii ■ -i., acid; the olulK.ii i.s iikon-d elf and 
diliiti d. Add a few c, it^o v’ tartaidc icid. and pass a cuvrent 
of snlphurelted hydrop i i. ■ mio lime. I'lii lirsL (loe.'iilent. 
prccij.ilatc 'dh hecome n is' ' and render he nbi ting more easy. 
Tram fer Um, precipita'! i ftm nsning five I'lvni ililoi idns) to a 
Belli dish, and treat ctati'-uly with *i u.iiK' aitrie acid. The 
action of this S'id or. the sinul.;le :s very vioici t Iw,.'.(a-ato and 
ignite, transfer to a silver lash, and fuse with four or'llve lim..s 
ita weight of caustic soda, cool . ml exhmit with a little waier, 
then add an equal volume of alcohol, and .dlo'v to stand ovcrn i'ht. 
Kltcf, wiush with dilute alcohol. (The liltrate will contain'the 
tin.) The residue contains the antimony as antimonato of soda, 
and is dissolved off the filter with Lot dilute hydrochloric, with 
the help of a little tartiric, acid. The filtiute is now raidy for 
the giavimelric determination. 

ORAVIMETBIO ASSAY, 

Pass a current of sulphuretted hydrogen tbioiigh the solution 
containing the antimony to wliieh a little tartaiac achl has been 
previously added. Pass the gas till the precipitate becomes dense, 
and the antimony is all down. The soluiion mast not he too 
strongly acid. Filter off the precipitate, wash with hot water, 
dry in the water oven, transfer to a weiglied porcel.sin dish, and 
cautiously treat with fuming nitric acid. Continue the action on 
the water bath till the snlphur and antimony are completely 
oxidised. Evaporate; ignite, gently at first, tlie.-r strongly over 
the blast; cool, and weigh. The losidire is a white infusible 
powder, and consists of antimony tetii.-,iile, sbp coirtaining 
78.94 per cent, of tho metal. 

Determtnation of Antimony as Bigallato.—What appears 
to be a veij- good method has been worked out by M. A. Guyard, 
tnd is described in Crookes’ fleleel. Metiwdt, p, 398. 
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The antimony must be in solution as antimonioiis chloride, arid 
must not he aecompnied by an excess of hydrochloric acid. Hi 
ensure those conditions, the solution is treated with potassium, 
iodide until no more iodine is evolved, and is then evaporated to 
remove the excess of hydrotdiloric add. To the concentriited, and 
nearly neutral, solution a freshly-prepared solution of gallic add 
is added in slight excess. A bulky white predpitate is formed 
that settles rapidly. The solution is diluted with hot water and 
washed by decantation. Then the precipitate is collected on a 
weighed double filter, washed once or twice with hot water, and 
dri^ at 100’ C. The dried substance is antimony bigallate, and 
contains 40.85 per cent, of antimony. It should be completely 
soluble in ammonium sulphide. The solution in which the anti¬ 
mony is predpitated need not be quite free from other metals. 

VOLTTMETEIC METHOD. 

This is based on the reduction of antimonio chloridi (SbCl,) to 
antimonious (SbCl,) by the action of potassium iodide in strong 
hydrochloric acid solution.* Iodine is at the same time libeiated, 
and the amount of antimony reduced is got at by titrating with 
sodium hyposulphite, which moasure-s the iodine set free. 

The standard solution of sodium hyposulphite is made by dis¬ 
solving 41.32 grams of the silt {Na^,0,.5ll,0) in water, and 
diluting to i litre. One hundred c.c. will be equivalent to about 
I gram of antimony. 

It is standardised with the help of a solution of antimony ,iade 
as follows:—Weigh up 5 gi-ams of jiowdered antimony, transfer 
to a flask, and cover with 50 c.c. of hydrochloric acid ; boil, and 
odd nitric acid (5 or 10 drops at a time) until the metal is dis¬ 
solved. Allow the action of the nitric acid to cease before adding 
more. Boil down to a small bulk, add 250 c.c. of hydi-oohlorio 
icid, and dilute to nearly i litre. Warm until any precipitate 
which has formed is redissolved; allow to cool slowly, and run in 
from a pipette a weak solution of permanganate until a faint 
brown colour is produced. Dilute to exactly i litre; 100 c.c. 
contain 0.5 gram of antimony as antimonic chloride. 

In standardising, take 50 c.c. of the antimony solution, and 
transfer to a flask; odd a grams of potassium iodide ciystals, and 
when dissolved, after standing a few minutes, nin in the solution 
of “ hypo ” from an ordinary burette until the greater part of the 
iodine has been reduced. Add a few drops of starch sQlution, and 
continue the addition of the ** hypo ” until the muddy-green colour 

• SbCl, + »KI = I, + SbCl, -I- sKa 
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changus to a cloar brownish-yellow. The solution must be shaken 
after cmIi addition of the “ hyjio.” 

Jn determining aiilimony in ore, weigh up 0.5 to i gram, and 
dissolve in hydrochloric acid «'ith, if necessary, the help of chlo¬ 
rate of potash. The antimony i.s sejBimted its sulphide, redis- 
solvwl in hydrochloric acid, ami oxidis(^d with a cry.stid of chlorate 
of potash. Chlorine is boiled oil’, and the solution diluted with 
an equal bulk of water. To the dear cold S(dution potiussium 
iodide is added, and after a few minutes the libemted iodine is 
titrated with “ hypo,” as already deacrihed. Tlie method only 
yields satisfactory results when the standard and assay are carried 
out alike. 
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CHAFPRU XI. 

mOU—NICKEIi - COBALT -ZINC CADMITTM. 

[HON. 

Ikon iiists or oxidises very resdily, luid, consequently, is rarely 
found in tlio lueUdlic stiite in UiiLure; surli naiive iron as is found 
beiii},' generally of meteoric origin or imbedded in b;a«ilt and other 
igneous rocks. It eliielly occurs as o.xido, as in magnetite, luoma- 
tito, and in the brown iron ore.s and ochres. Chalybite, which is 
carbonate of iron, is an ore of great importance. Iron is found 
combined with ,sul]ilnir iu jiyrrhotinc and pyrites, and together 
with arsenic in mispickcjl. It is a common constituent of most 
rocks, imjiarting to them a gi-eeu, bhmk, or brown colour; and is 
present, either as an c.s.sontial part or as an impurity, in most sub- 
stsinces. 

The chemistry of iron is somewhat complicated by the existence 
of tw'o oxides, each of which gives rise to a well-marked series of 
com]ionnd.s. Those derived from the lower oxide, known as 
ferrous aalts, are generally pale and greenish. I’erric sarts are 
derived from the higher oxide, and are generally red, brown, or 
yellow. The existence of these, two well-marked families of silts 
renders the assay of iron comparatively easy, for the quiintity of 
iron present in a sdution can be readily measured by the amount 
of oxidising or reducing agent requii ed to convert it from the one 
state into the olhei —that is, from ferrous to ferric, or from ferric 
to fen-ous, as the case may be. 

In the red and brown ii-on ores and ochres ferric iron is 
present; in chalybite the iron is in the ferrous state; and in mag¬ 
netite it is present in both foms. Traces of iron in the ferrous 
state may bo found (even iu the pi'esenco of much ferric iron) by 
either of the following tests:— 

1. h'erricyanide of potassium gives a blue precipitate or green 
coloration; with ferric salts a brown colour only is pro¬ 
duced. 

». A solution of permanganate of potassium is decolorised by a 
feiTOUS Siilt, but not by a ferric one. 
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Tmces of forric iron can be detocicd (even in the presence of 
mucli ferrous iron) by tiio followinf; tests:— 

(j) J!y tlie brown or yellow colour of the solution, especially 
when hot. 

(2) 15 y pivins a pink or red coloration with sulphocyanide of 
potassium. 

Substances containing o:xido of iron yield tlie whole of the iron 
as metal when fused at a high temjierature witli charcoal and 
suitable fluxes. The metal, however, will contain varying propor¬ 
tions of carbon and other impurities, and its weight can only afford 
a rough knowledge of the proportion of the metal in the ore. 
There are two or thrisi method.s of dry as.s.ay for iron, but they are 
not only inexact, but moie troublesome than the wet methods, 
and need not bo further considered. Chalybite and the hydrated 
oxides dissolve very readily in hydrochloric acid; ha;matite and 
magnetite dissolve with ratlier more difficulty. Iron itself, when 
soft, is ea.sily solubio in ih'lute hydrochloric, or sulphuric, acid. 
Pyrites, mispickel, &<•., are iusidublo, in hydiwldoric acid, but they 
are readily attacked by nitric arid. Certain minerals, such as 
chrome iron ore, titaniferousiKU ore, and some silicates contaitfing 
iron, remain in the ii'sidue insoluble in acids. Some of those yield 
their iron when attacked with strong sulphuric acid, or when 
fused with the acid suipluite of potash. Generally, however, it is 
better in such .stubborn cases to fuse with carbonate of soda, and 
then attack the “ melt ” with hydrochloric acid. 

"When nitric acid, or the fusion me'hod, has been used, the 
metal will lie in solution in the ferric state, no matter in wliat 
condition it existed in the ore. Jhit with dilute hydrochloric or 
sulphuric acid it will retain its former degree of oxidation. Hydro¬ 
chloric acid, for example, with chalybite (ferrous carbonate) will 
give a solution of/crroiw chloride; with hsematite (ferric oxide) 
it will yield ferric chloride; and with magnetite (ferrous and 
ferric o.xides) a mixture of ferrous and foiric chlorides. Metallic 
iron yields solutions of ferrous salts. It is convenient to speak of 
the Iron in a ferrous salt as ferrous iron, and when in the ferric 
state iw ferric ii'on. Frequently it is required to determine how 
much of the iron exists in an ore in each condition. In such cases 
it is necessary to keep oflf the air whilst dissolving; the operation 
should, therefore, be performed in an atmosphere of carbonic 
acid. 

. Separation.—The separation of the irot. from the other sub¬ 
stances is as follows:—Silica is removed by evaporating the 
acid solulioif, and taking' up with acid, ns described under 
Silica; the whole of the iron will be in solution. The metals of 
Qrsups I. and II. are removed by passing sulphuretted hydrogen, 



»nd at the same time the iion will be reduced to the ferrous 
state. The solution should he filtered into a i6 oz. flask, boiled 
to got rid of the g.is, .Jid treated (whilst boiling) with a few 
drops of nitric aoid, in order to convert the whole of the iron into 
the ferric state. When this comlition is arrived at, an additional 
drop of nitric acid causes no dark coloiutiou. 1 lie boiling must 
be continued to remove nitrous fuinesi Next .add caustic soda 
solution until the colour of the solution changes from yellow to 
red. The solulion must be free liom a precipitate; if the soda be 
incautiou.sly added a jiormanent precipitate will be formed, in which 
case it must be redissolvcd with hydrochloric acid, and soda again, 
but more (siutiously, aildcd. After cooling, a solution of sodium 
ai'etate is added until the colour of the solution LS no longer 
darkened. The solution, diluted to two-thiids of the flaskful 
with waiter, is heated to boiling. Long-continued boiling must be 
avoided. The precipitate is filtered quickly through a large filter, 
and washed with hot water containing a little acetate of soda. 

The precipilate will contain ail the iron and may also contain 
alumina, chromium, titanium, as well as phosphoric, and, per- 
hnp.s, aiwenic acids.* 

Dissolve the precipilate off the filter with dilute sulphuric acid, 
avoiding excess, add tai l aric acid and then ammonia in excess. Pass 
sulphuretted hydrogen, warm, and allow the precipitate to settle. 
Filter and wash with water containing a little ammonic sulphide- 

OBAVIMETEIC METHOD. 

Dissolve the preeiintate in dilute hydrochloric acid; peroxidise 
with a few drops of nitric acid and boil, dilute to about ;«oo c.c., 
add ammonia (with constant stirring) till the liquid smells of it, 
and heat to boiling. Wash as much as possible by decantation 
with hot water. Transfer to tlie filter, and w,a.sh till the filtrate 
gives no indicauon of soluble salts coming through. The filtrate 
must he colourless and clear. The wot precipitate is very bulky, 
of a dark-brown colour and readily soluble in dilate acids, but in¬ 
soluble in ammonia and dilute alkalies. When thrown down 
from a solution containing ether metals it is very apt to carry 
portions of these with it, even when they are by themselves very 
soluble in ammoni-ocal solutions. It must be dried and ignited, 
the filter paper being burnt seijarately and its ash added. When 
furtlier ignition ceases to lause a loss of weight, the residue is 
ferric oxide (Fe, 0 ,), which contains 70 per cent, of iron. The 
weight of iron therefore can bo calculated by multiplying the 
weight of oxide obtained by 0.7. 

• When chrominm Is present some of the iron may escape precipitation 
bnt it can be recovered from the solution by means of ammonic sulphide. 
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The presence of ammonic chloride causes loss of iron during 
the ignition, and organic matter causes au apj>aront loss by re¬ 
ducing the iron to a lower blatc of oxidation. When the iron in 
the solution much exc('cds 0.2 gram tlie volumetric determimition 
is generally adopted, as the hulkiness of the procipitato of ferric 
hydrate makes the gravimetric method very inconvenient. 

VOLtrMETBIC METHODS. 

As already c.vplained these are based on the me.a.surement of 
the volume of a reagent rccpiired to bring the whole of the iron 
from the ferrous to Iho ferric shite (oxidation), or from the ferric 
to the ferrous trcduclion). Ferrous compounds are converted 
into ferric by the action of an o.xidLsing agent in the presence 
of an acid. Either perm.anga'nate or bicliiomalo of ]iot:ish is 
generally u.sed for this purpo.se.* 

Ferric compounds are reduced to ferrous by the action of 

(1) Stannous chloride;' 

(2) Sulphuretted hydrogen,3 

(3) Solium sulphite ; or 

(4) Zinc.t 

The processes, then, may' be dividid into two kinds, one based 
on oxidation and the other on reduction. In each case the titra¬ 
tion must be preceded by an exact prepiration of the solution to 
Im) a-isayed in order that the iron may bo in the right state of 
oxidation. 


PERMANGANATE AND BICHROMATE METHODS. 


The.se consist of three operations:— 

(1) Solution of the ore; 

(2) lloduction of the iron to the ferrous state; and 

(3) Titration. 

Solution.—The only point to be noticed concerning the first 
operation (in addition to those already mentioned) is that nitrio 
acid must be alisent. It nitric acid has been used, evaporate to 
dryness, of eouise without previous dilution; add hydrochloric or 
suijihuric acid, and boil for five or ten minutes. Dilute with 
water to about 100 c.c., and warm until solution is complete. 

Tho reduction is yierformed by either of the following 
methods 


• (1) ioFeSO,-f2KMnO,-e8Il5SO.= 5Fe,(SO,),4 ’MnS 0 ,-HKJ^ 0 ,.t- 8 II,a 
(2) 61 i'eC),-tK,Cr, 0 ,+ i4Ha=3Fe,01,-eCr,t;!,-r2ltCH7l[;(). 


t (i) F(!,CI.-t-SiiCl,=2l'Vn,+SnCI,. 

(2) Fo,C).-fSH,=2FeCI,-e2llCl-e8. 

(3) Fe,CI,i-Na,S0,-Hy)=2l'eCt,-eNa,S0,H 

(4) Fe,CII. 4 Zn= 2 F 8 Cl > EnCl, 


aua 



IEOH. 


1. JTil/t Stanrund! Clilmth'. —Fill a buretto with a solution of 
etannou.s chloride,* and cautiously run the liquid into the hot 
assay solution (in which ! ho iron is pre-sont .as Morich) until the 
colour is discharged. A largo excess of the stannous chloride 
must be avoided. Then add 5 c.c. of a 2I per ('■■nt. solution of 
meiruiic chloride, this will c.ause a white precipi..a(e (or a giey 
one if too large an excess of the stannous chloride has lieen 
added). lioil till the solution chsars, cool, dilute, and titrate. 

2. I'iidpimrettal Ilydnyen. —Oool the solution .and pass 
through it a cuia-ent of washed sulphuretted hydrogen till the 
liquid smells strongly of the gius .after withdrawal and .-.h.iking. 
A white piccipitate of sulphur will he formed, this will not inter¬ 
fere with the suKsiajuunt titration provided it is precipitated in 
the (add. If, how'ever, the jirrcipifcito is coloured (showing the 
pr(\seuca3 of the second group metals), or if tl.e precipitation has 
been (sirried out in a hot solution, it should he filtered off. Jloil 
the solution until the .sulphureltcd hydrogen is driven off; this 
may be te.st<!d by holding a strip of iilter p.apor dipped in lead 
acetate solution in the steam issuing from the flask. The pre¬ 
sence of sulidmrcttcd hydrogen should be looked for rather than 
its akscnce. It is well tp continue the boiling for a few minutes 
after the g.as has been driven off. Cool and titrate. 

3. With Sodium Sulphite. —Add ammonia (a few drops at a 
time) until the precipitate fir.st formed redissolvcs with difficulty. 
I f a permanent piecipitate is formed, redissolve with a few drojis 
of acid. To the warm solution add from 2 to 3 grams of sodium 
sulphite crystals. The solution will become strongly cohaired, 
but the colour will fade away on standing for a few minute^^ in a 
warm place. When the colour is quite removed, add 20 c.c. of 
dilute sulphuric acid, and boil until the steam is quite free from 
the odour of sulphurous acid. Cool and titrate. 

4. With /iiic.—Add about 10 gKims of granulated zinc; if the 
hyilrogen comes off violently add water; if, on the other hand, 
the action is very slow, add sufficient dilute sulphuric acid to 
keep up a brisk effervescence. The reduction is hastened by 
warming, and is complete when the solution is quite colourless 
and a drop of the liquid tested with sulphocyanate of potassium 
gives no reaction for feme iron. Filter through “ glass wool" or 
quick filtering paper. The zinc should be still giving off pas 
rapidly, indicating a freely acid solution; if not, acid must be 
added. Wash with water rendered acid. Cool and titrate. 

With regard to the relative advantages of the different methods 
they may be roughly summed up as follows:—^Tke stannous 

* 20 grams of stannous (diloride and 20 c.e. ol dilute hydrochloric acid 
are diluted to one litre. 
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chloride melliod Iiiia the edrantiigo of immedia.lcly reducing fche 
ferric iron whether in hot or cold solution and under varied con¬ 
ditions in regard to iicidity, but has the disadvantage of similarly 
reducing salts of copjier and antimony, which, in a subsequent 
titration, count as iron. Moreover, tliei-e is no convenient method 
of olimiualiiig any large excess of the reagent that may have 
been used; and, (;ouse(juently, it either leaves too much to the 
judgment ol the openitor, or entails as much care as a titration. 
Students gener.illy get. good re.sults by this method. 

The sulphuretted hydrogen method .also has the advantage of 
quick reduction under varying eonditioiis, and the further one of 
.adding nothing objectionable .to the .sohitior.; in fact it removes 
certain impurities. Tlie di.sadv.antagi'.s are the necessity for Ixiil- 
ing off tlio excess of the ga.s, and of filtering olf tin! precipitated 
sulphur, although this last is not necessary if prccipltid.(!d cold. 
The tendency with students is to get high results. The sodium 
sulphite method has the iidVantagcs of being clean and neat, and 
of requiring no filtration. On tlic otlierliand it roquiros practice 
in ohtaiuiTig the best conditions for complc-tc rcduidion ; and, as 
with sulphuretted hydrogen, there is the neces-ll.y lor licdiiigoff 
tile gas. while there is no simple and deljeiU. le.st for t he re.sidual 
sulphurous (mid. Tn .addition, if an excess of .sodium sulphite has 
lieen used and onongli acid not snliseqneiitly added, the ((xccss will 
count as iron. Students generally get low icuilta by this method. 

The advantages of the zinc method are, that it is easily worked 
and that the e.xccss of zinc is readily removed by simjdy filtering. 
The disadvantages arc the slownt'S-* witli wiiicii the hast portions 
of fewie iron are reduced, the danger of loss by cllorvesceiice, the 
precipitation of basic salts, .and, (Kirhaps. of iixm, and the loading 
of the solutvm with salts of zinc, which in the titration with 
bichromate have a prejudicial olfect. The tendency in the hands 
of students is to get varmble results, sometimes low and some¬ 
times high. 

Generally spoivking, the sulphuretted hydrogen and sodium 
sulphite methmls are to be preferred. Carefully worked each 
method will yield good results. 

Thjs titration may be done with a standard solution of (i) per¬ 
manganate of potash, or (2) bichromate of potash. 

I. With Permanganate of Polath ,—Prepare a standard solution 
by dissolving 2.82 grams of the salt and diluting to one litre. 
The strength of this should be 100 c.o. =c.5 gram of iron, but 
it varies slightly, and should be determined (and afterwards 

• The maximum reducing effect of zinc is obtained by exposing as large 
a surface as possible of the metal in a hot concentrated solution containing 
hut little fi'ee aoi'l (Thorpe), 
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checked every two or three weeke) by weifrhing up 0.2 gram of 
iron wire, dissolving in 10 c.c. of dilute sulpliuiic mid, diluting to 
about 100 C.C., and titra'ing. 

Tho standard solution must be put in a burette with a glass 
stopcock, as it attacks india-rubber. The assay should be con¬ 
tained in a pint flask, and bo cooled before titja ' Mig. The stan¬ 
dard solution must lie nm hi until a pinkish tingo permeates the 
whole solution; this must be taken as thelinishing point. When 
certain interfering bodies are present this colour quickly fades, 
bul. the fading must be ignored. With pure solutions the colour 
is fairly permanent, and a single drop of the potassium nennan- 
ganale solution is suflicient to determine the finishing point. 

2. With Jiichrunuiie of Poiuth .—Prepw a standard solution by 
dissolving 4.39 giams of the powdeied and <liicd salt in water, and 
diluting to i litre. Tliis solution is permanent, its strength is de¬ 
termined by dissolving 0.2 gram of iron wire in 10 e.c. of dilute 
sulphuric acid, diluting to about a quai-ter of a liti e, and titinting. 

Al.so prepare a test solution by dis.solving 0.1 gram of ferri- 
cyanide of [lotassium in 100 c.c. of water. This solution does not 
keep well and niu.st be freslily prepared. 

An ordinary burette is used. 'J’he a.ssay is best contained in a 
glazed earthenware dish, and may be titrated hot or coM. To 
dotermine the finishing point, place a series of drops of the 
fenicyanide solution on a dry white glazed plate. Tho drops 
should be of about the same size aud bo placed in lines at fairly 
equal distances. The bichromate is run in, in a steady stream, 
the assay solution being continuously stin ed until tho roiiction is 
sensibly slackened. Then bring a di’op of the assay wil^ the 
stirrer in contact with one of tho test drops on the plate. The 
standard can be safely run in 1 c.o. at a time, so long as tho test 
drop shows signs of a precipitate. When only a coloration is 
produced run in cautiously a few drops at a time so long as two 
drops of the assay gives with the test a colour which is even 
faintly greener than two drops of the assay solution placed along¬ 
side. ifiie finisliing point is decided and practically permanent, 
although it demands a little practice to recognise it. The titra¬ 
tion with permanganate of potassium has the advantage of a more 
distinct finishing point and easier mode of working; its applica¬ 
tion, however, is somewhat limited hy the disturbing efl'ects of 
hyd^hloric acid. The bichromate method has the advantage of 
a standard solution which does not alter in strength, and the 
further one of being but hltle affected by altering conditions of 
assay. Hydreehlorio acid has practically no effect qp it. Both 
metho<l8 give accurate results and are good example of volumetric 
methods. 
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The following rostiUs illustrate the es(eiit to which the inethod» 
may be relied on; and the influence which the various conditions 
of experiment have on the assay. 

Solutions of ferroiLS sulphate and of fciTous chloride were made 
containing 0.5 gr.im of iron in each 100 c c., thus coiTC.sponding 
to the standard solutions of pei-mang.analo and bichrsmale of 
potassium. 'Jiicse last were prepared in tho w'ay aheady de¬ 
scribed. The .solution of ferrous sulphate w.as made by dissolving 
5.01 grams of iron wire in 100 c.c. of dUuto snlphnric acid and 
diluting to i litre. A similar .solution may be made by dissolving 
24.S2 gi'ams of pure ferrous .suliihatc ciysbils in water, adding 
100 c.c. of dilute sulphuric acid, and <liluting to i litre. 

Eato of Oxidation by Exposure to Air. - 'I’his is an im¬ 
portant con.sider:ition, and if tlie ratti were at all r;tpi<l \v(»uld 
have a serious influence on tho manner of working, since cxchision 
of air in tho various o]ierations would Iw tnuiblcsonic. 20 c.i!. of 
the solution of ferrous sulpliate were takmi in each experiment, 
acidiiied with 10 c.c. of dilute suljihnric acid, and diluted to 100 
C.C. The solution was exposed, cold, in an o]ien be.akcr lor vary¬ 
ing lotigtbs of time, and titi.ated with permanganate of pot assium. 

Time exposed . . i hour 1 da/ 2 days 3 days 

C.C. required. . . 19.2 19.I 19*0 i 9 -o 

Tlicse results show that tho atmospheric oxidation in cold solu¬ 
tions is unimportant. With boiling solutions the results are 
Bomowh.at ditlcrcnt; a solution which at tho outset required 20 c.c. 
of jid'manganate of potassium, after boihug for an hour in an 
open beaker (without any precautions to prevent oxid-ation), 
water being added from time to time to replace tlnit lost by 
evaporation, required 19.2 c.c. If tho solution bo evaporated to 
dryness the oxiising power of concentrated .sulphuric acid comes 
into play, so that veiy little ferrous iron will bo left. A solution 
evaporated in this way required only 2.2 c.c. of permanganate of 
pohossium. 

Effect of Varying Temperature.—In these experiments the 
bulk was in each ca.so 100 c.c., and 10 c.c. of dilute sulphui'ic acid 
were present. The permanganate required by 

I c.c. of ferrous sulph.ate was, at 15" i.o c.c., and at 70" i.i c.c» 

10 „ ,1 w M 9*7 t» 9-11 « 

100 „ „ ,t M 97-7 *» 9^.8 „ 

The lower result with the 100 c.c. may be due to oxidation from 
exposure. * 
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ESbot of Varying Bulk.—The following experiments show 
that consiik-iublo variations in bulk have no practic.al effect. In 
each case 20 c.c. of ferrous sulplaite solution and 10 c.c. of dilute 
acid were used. 

llalk of as^ay . . .30 0.0. 100 c.c. 500 o,c. 1000 c.c. 

I'ernuaugaiiate required . 20.0 „ 2ao ., 2^.20.5 „ 

Effect of Preo Sulphuric Acid.—Fi'ce acid is necc.s.sary for 
Iheso assays; if there is an insufficiency, the assay solution, instead 
of unmediutf ly dec.olorising the pennanganato, assumes a brown 
colour. The addition of 10 c.c. of dilute sulphuric acid suffices to 
meet j c(|uircmenta .and keep the assay clefir throughout. The 
following experiments show tluit a considerable excess of sudd 
ni.ay bo used withosit in the Icsust siffecting the results. In each 
c.a.si‘ 20 c.c. of ferrous sulphate were used. 

Ddiitc suh 

I'huriciuid 1.0 c.c. 5.0 c.c. 10.0C.C. 20.0 c.c. 500 c.c. 100.0 c.o. 

Permaaganalo 

required . iq.j „ 19.3 „ 19.3 „ 19.3 „ 19.3 „ 19,3 „ 


Effect of Foreign Salts.—When tho assay kas been reduced 
with zinc varying quantities of salts of this metal jkiss into solu¬ 
tion, the amount depending on the quantity of .acid and iron 
present. Salts of sodium-or ammonium may similarly be intro¬ 
duced. It is essential to know by experiment that these s:dts 
do.not exert any elfeirt on the titration. The following series of 
experiments show th.at as much as 50 grams of zinc sulphate may 
be 2)resent without interfering. 

5 Sinc sulphate prascat , o gram i gram 10 grams 50 ^rams 

Permanganate required , 19.3 c.c. 19.3 c.c. 19.3 c.c. 19.3 c.c. 

Magne.sium, sodium, and ammonium s.alts, fire equ.ally without 
effect. 


Ainmonlc sulphate ^rresent 
Permanganate required , 

Sodic snlplmte present 
Permaiiganatc required , 

Magnesio sulphate present 
Permangannte required . 


c gi'am 

I gram 

10 grams 

19.3 c.o. 

19.2 c.c. 

19.3 C.C. 

ojrram 

I gram 

10 grams 

19.3 C.C. 

19.3 c.c. 

19.3 C.C. 

0 gram 

I gram 

10 grams 

19.3 C.C. 

19.3 C.C. 

19.3 C.C. 


Effect of Varying Amounts of Iron.—It is important to 
know within wluil limits the quantity of iron in an assays may 
isftfely vary from that used in standardising. In the following 
experiments the conditions as to bulk, acidity, and mode of 
working were tho Sfime as before:— 

Ferrous snlplmte sol.ition taken i c.o. 10 c.o. 20 c.o, 50C.0, 100 c.0. 
Permanganate required , .1.0,, 9.7 „ 19.6,, 489,, 97.7» 

• 

1 
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The ferrous sulphate solution is here a little weaker than that 
of the pcrman^inate of potassium, hut the results show that the 
permanganate required is proportional to the iron present. 

Titrations in Hydrochloric Solutions.—These are less 
satisfactory than those in sulphuric solutions, since an excess of 
hydrochloric acid decomjMMes permanganate of potassium, evolv¬ 
ing chlorine, and since tlie finishing point is indicated, not by the 
persistent of the pink colour of the permanganate, hut by a 
brown colonition probably due to pet-chloride of manganese. 
Nevertheless, if the solution contdns only from 5 to 10 per cent, 
of free hydrochloric acid (sp. g. 1.16) the results are the same as 
those obtiuned in a sulphuric acid solution. Equal weights 
(o.i gram) of the same iron wire retjuired exactly the same 
quantity of the permangiinate of potassium solution (20 c.c.) 
whether the iron was dissolved in dilute sulphuric or dilute 
hydrochloric acid. The following series of exjxiriments are on 
the s<ame plan .as those gkoii above with sulphuric acid solutions. 
A solution of ferrous chloride was made by dissolving 5.01 grams 
of iron wire in 50 c.c. of dilujtj hydrotihloric acid and diluting to 
1 litre. The dilute hydrochforic .acid wim made by mixing eqiud 
volumes of thciicid (sp. g. i.jo) and water. 

Eate of Atmospheric Oxidation.—20 c.c. of the fei-rous 
chloride solution were acidified with to c.c. of the dilute hydro¬ 
chloric acid and diluted to 100 c.c. This solution was exposed cold 
in open beakers. 

Time exposed . . — I hour I day 2 days 3 days 

Pvrmang.‘tuate requireil X9.6 0.0. 19.6 0.-. 19.5 C.C. 19.4 cc. 19.5 0.0. 

Similar solutions boiled required, before boiling, 20 c.c .; after 
boiling for one hour, replacing the water as it evaporated, 19.3 
c.c.; and after evaporation to a paste and redissolving, 17.0 c.c. 

Effect of Varying Temperature.—Solutions similar to the 
last were titrated and gave tlie following results:— 

Temperature . . .15" 30“ 50* 70* 

I’eruiaugmiate required . 19.8 0.0. 19.6 o.a 19.5 0.0. 19.4 a.% 

Effect of Varying Bulk.—As before, 20 c.c. of the iron solu¬ 
tion,^ luid 10 C.C. of the dilute acid were diluted to the required 
volumes and titrated. 

Bulk.30 0.0. 100 0.0. 500 0.0. 1000 0.0. 

Bermauganate required. 204 „ 2a3 „ 20.S „ 21.5 „ 

The variation due to difference in bulk here, although onlj 
equal to an excess of 0.7 milligram of iron for each loo c.c. oi 
dilution, are about three times as great as those observed in a 
sulphuric sicid solution. 
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ElTect of Fret Hydi'oohloric Acid.—In these experiments 
*0 c.<!. of the forrons chloride solution were used with varying 
qiuiLititics of acid, tho h dk of the assay in each case being loo c.c. 


Dilute acid present , , 5 c.c. lo c.c. 50 c.c. luo c.c. 

Permang.'iuate required . 20.2 „ 20.2 „ -*■ 5 „ 21.0 „ 


The la.st liad .a very indistinct linishing point, the brown color- 
.aiion being very evanescent. The effect of the acid is modified by 
the presf'iice of alk.iline find other sulidiates, but not by sulphuric 
arid. Jlepeating the last experiment we got— 


AVitUout further addition 
With 100 c.c. of dilute sulphuric acid 
„ 10 p ains ammonic sulphate . 

„ 10 ,, .siidio sulphate. 

„ 10 „ niagne.siuru sulphate 

„ 10 „ manpimcsc sulphate 


21.0 O.C. 
22.0 „ 
20.5 „ 
20,0 „ 
20.4 „ 
20.2 „ 


Tho resull.s with these salts, in eountcraeting the interference 
of (lie acid, however, were not a complete success, since the end- 
retu'tions wi're all iiidi.stinct, with the exception, perhaps, of that 
with the niaiigaiiese .sulphate. 

BlToct of Varying Amounts of Iron.—In the.se experiments 
the bulk of the assay was 100 c.c., and 10 c.c. of acid were pre- 
stmt. 

Ferrous chloride used. 1 0.0. 10 C.C. 20 c.o. 50 c.c. 100 0.0. 
Fcrmanganate required i.i „ 10.3 „ 20.3 „ 50.4 „ 100.1 „ 


In making himself familiar with tho permanganate of potassium 
titration, Ihc student should pnictiso by working out a series of 
experiments .similar to the above, varying his conditions one at a 
time so as tu be ceitain of tho cause of any variation in liis results. 
He may then proceed to experiment on the various methods of 
reduction. 

A svlnlinn of fiirrio chloride is made by dissolving 5.01 grams of 
iron wm; in 50 e.c. of hyaliochloric acid (sp. g. 1.16), and running 
from a burette nitric acid diluted with au equal volume of water 
into tlio boiling iron solution, until tbe liquid changes from a 
black to a reddish yellow. About 4.5 c.c. of the nitric acid will 
be required, and the finishing point is marked by a brisk effer¬ 
vescence. The solution of iron should bo contained in an evapor¬ 
ating dish, and boiled briskly, with corrstaut stirTiug. Tber’e 
should bo no excess of nitric acid. Boil down to about half its 
oulk; then cool, and dilute to one litre with w’ater. Twenty c.a 
of this solution dilated to too c.c. with water, and acidified with 
10 c.c. of dilute hydroidiloric acid, should not decokriise any of 
the permanganate of potassium solution; this shows tbe absence 
of ferrous salts. And 20 c.c. of the same solution, boiled wi^ 
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20 C.C. of the ferrous sulphate solution, should not decrease th* 
quantity of “ permiinganute” required for the titration of the 
ferrous sulphate added. In a scries of experiments on the various 
methods of reduction, the following results were got. Tlie modes 
of worhiiig were those already de.scribed. 

(1) WM ,%imi(ivs ChWuk. —^Twenty c.c. of the ferric chloride 
solution miuired, after naluetion with stannous chloride, 20 c.c. 
of “ permanganate.” Fifty c.c. of a solution of femms chloride, 
which reijuircd on titotion 49.8 e.e. of “perniangan.at(>,” reiiuircd 
torTO-titralion (after suh.se(juent reduction with .stannous chloride) 
50 c.c. of till' pennangan.ate solution. 

(2) With Hid/hit retied UyilrogeH. —IVo expriments with this 
gas, using in each 20 c.c. of tlus ferric cldoride solution, and 10c.c. 
of hydrochloric! acid, required (after i-eduction) 20.2 e.e. and 20.1 
c.c. of “ permanganate.” llejieating the experiments by passing 
the gas through a nearly hoiling sedution, but in other resjiccls 
working in the same way, 21.3 c.c. and 21.6 c.c. of the perman¬ 
ganate solution W('re required. The sulphur was not filtered off 
in any of these. In anothei fexjwriment, in which 50 c.c. of the 
ferrous sulphate solution were titrated with “permanganate," 
48 c.c. of the latter were required. The titratc<l solution was 
next i-educed with sulphuretted hydrogen, brought to the siime 
bulk as before, and again titrated ; 47.9 c.c. of the permanganate 
of ])otiussium solution were! required. 

(3) IVith Sodivm Sidjihiio. —Twenty c.c. of the ferric chloride 
solution, reduced with sodium sulphite, re(piired 19.9 c.c. of “ per¬ 
manganate." In one experiment 50 c.c. of the ferrous sulphate 
solutiuu were titrated with “permanganate”; 49.3 c.c. of the last- 
mentioned solution were requireil. 'The titrated solution w.a.s re¬ 
duced with sodium sulphite, and again titrated; it required 
49.2 c.c. of the permanganate of pohissium solution. 

(4) WWi Zinc. —Twenty c.c. of the ferric chloride solution, ro- 
duce<l with zinc and titrated, required 20.8 c.c. of “ j:)ermang.a- 
nate.” Fifty c.c. of a solution of ferrous sulphate which required 
49.7 c.c. of “ permanganate,” required for re-titration, after reduo- 
tion with zinc, 49.7 o.c. 

'Tim student should next practise the titr.ation with bichromate, 
which is more especially valuiible in the cstiniation of hydrochloric 
acid solutions. The following experiments are on the same plan 
as thase a!re:idy given. In each experiment (except when other¬ 
wise stated) there were pre.sent 20 c.c. cf the feiTOUS chloride 
solution, and 10 c.c. of dilute hydrochloric add, and the bulk was 
300 c.c. 

Effect of Vatying Temperature.—The quantities of the bi¬ 
chromate of potassium solution required were as follows :— 
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Temperature . . .15* 30* 70* loc* 

Biclinmuite required . 20.2 c.c. 20.3 c.c. 20.3 c.c. 2a 4 o«. 

Effect of Varying Bulk.— 

Bulk. . . .50 e.c. 100 C.O. 200 c.c. 500 c.c. looo oc. 

Bichromate required 20.4 „ 20.4 „ 20.4 „ 2' 5 „ 20.8 

Effect of Varying Acid.—In these, varialile quantities of 
dilute liyilroeliloiic acid were used. 

Add pu'seut .... 10 c.c. 50 c.c. 100 C.C. 
Biclirouu'itc required . .20.3 „ 20.3 „ 20.2 „ 

Effect of Foreign Salts.—'I’ho ell'cct of the audition of 10 
gr.Miis of crystallized zinc sulphate was to decrease the quantity of 
“ hichioinate” required from 20.3 c.c. to 20.1 c.c., hut the colour 
produced with the test-drop wins very .slight at 18.5 C.C., and with 
incjiulious work tlie iiuisliiug point might have been talten any- 
wlu're lietwceu this-e extremes. Iliac .should not be used as a 
reducing agent pidiuiiiiary to a “bichromate” titration. Ten 
gnims of auuiiouic sulphate iiad the effect of rendering the finish¬ 
ing point faint for about 0.5 c.c. before the titration wa.s finished, 
but there was no doubt about the finishing point when allowed to 
stand foi- a minute. The student should note that a titration is 
not completed if a colour is develojwd on .standing for five or ton 
minuter. Ten grams of sodic sulphate had no effect; 20.3 c.c. 
weri' rcqiiiifd. 

Effect of Varying Iron.—The results are proportional, as 
will lie seen from the fediowing details:— 

Ferrous chloride • 

present . . 1.0 C.C. 10.0 C.C. 200 C.C. 50.0 C.C. loon c.0. 

BK'liiom.ulc re¬ 
quired . . IJO „ 10.2 „ 203 „ $1.0 „ 102.3 11 

The student m.ay now apply these titration.s to actual assays of 
minerals. The following examples will illustrate the mode of 
working and of calculating the ro.sults:— 

Determination of Iron in Chalybito.—Weigh up i gram 
of the dry powdei ed ore, arid dissolve in 10 c.c. of dilute sulphuric 
■mid and an equal volume of watei' with the .aid of heat. AvDid 
evaporating to drync.sB. Dilute and titrate. The result will give 
the pcrcenliige of iron existing in the ore in the ferrous state. 
Some ferric iron may lie present. If it is wished to determine 
this also, .add (in dissolving another portion) 10 c.c. of dilute 
hydi-oehloric acid to the sulphuric acid already ordered, and reduce 
the resulting solution before titrating. By dissolving and titrating 
(without previous reduction) one W a measure of the ferrous 
iron present; by dissolving, i-educing, and then titrating, one c%n 
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nHWHiire tlie totnl iron; and as the iron exists in only two con¬ 
ditions, the fotal iron, less the feiTous iron, is the measure of the 
ferric iron. 

Determination of Iron in Brown or Bed Ores or Mag¬ 
netite.—Weigh up 0.5 gram of the ore {jsjwdored and dried at 
100° (’.), and dissolve in from 10 to 20 c.c. of strong hydrochloric 
acid, boiling until all is dissolved, or until no coloured particles 
are left. Dilute, reduce, .and titrate. 

Determination of Iron in Pyrites.—Weigh up i gram of 
the dry powdered ore, and place in a beal«‘r. Cover with 10 c.c. 
of strong sulphuric .acid, mix well by shahing, and place on the 
hot plate without further handling for an honr or .so until the 
action has ceased. Allow to cool, and dilute to 100 c.c. Wiu m 
until solution is complete. Reduce and titrate. 

Determination of Iron in Substances Insoluble in 
Acids.—Weigh up 1 gram of the ore, mix with 5 or 6 grams 
of cai'bouate of soda .and 0.5 gram of nitre by rubbing in a small 
moi'lar, and transfer to a platinum crucible. (*k'an out the 
mortar by rubbing up another gram or so of soda, and add this to 
the contents of the crucible as a cover. Fuse till tranquil. Cool. 
E.xtract with water. If the oj-e carries muidi silica, evapirate to 
dryimss with hydrochloric acid to separate it. Re-dissolve in 
hydrochloric imid, and sejmrate the iron by precipitating with 
ammonia and filtering 11 only a small (piantity of silica is 
present, the aqueous extract of the “ melt” must be (ilteved, aud 
the insoluble residue washed and dis.solved in dilute hydrochloric 
acid. Reduce and titrate. * 

A feonvenient method of at once scjiarating iron from a solution 
and reducing it, is to add aumionia, pass sulphuretted hydrogen 
through it, filter, and dissolve the precipitate in dilute sulphuric 
acid. The solution, when boiled free from sulphuretted hydrogen, 
is ready for titrating. 

BTABWOTrS CHLORIDE PROCESS. 

The colour iinpiirted to hot hydrochloric acid solutions by a 
traoe-of a ferric compound is so strong, and the reducing action of 
stannous chloride is so rapid, that a method of titratiuii is based 
upon the quantity of a standard solution 0' stannous chloride 
required to completely decolorise a soluaon containing ferric 
-iron. This method is more especially adapted for the n.ss,ay of 
liquors containing much ferric iron ,ind of those oxidised ores 
which are completely soluble in hydrochloric acid. It must lie 
remembered, however, that it only measures the ferric iron pre- 
tent, and when (as it generally the case) the tobal iron is wanted. 
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it is well to cnlciiie tlie wciglied portion of ore previous to 
solution in order to get the whole of the iron into the higher 
state of oxidation, since many ores which are generally supposed 
to contain only ferric iron caiTy a considerable percentage o( 
ferrous. 

The elamwm chloride solution is made by dissolving 20 giams 
of the commei’cial silt (SnOI,.211,0) in 100 c.c. of water with the 
help of 20 o.c. of dilute hydrochloric aciil, and diluting to a litre. 
The solution may bo slightly opalescent, but should show no 
signs of a precipitate. The strength of this is aboflt equivalent 
to 1 gram of iron for each 100 o.c. of the solution, but it is apt to 
lessen on standing, biking up oxygen from the air, forming stannic 
chloride. A larger proportion of hydrocliloric acid, than is ordered 
nhove would remove the opalescence, but at the same time increase 
this tendency b) atmosplieric oxidation, as the following experi¬ 
ments show. The stannous chloride solution {20 c.c.) was mixed 
with varying amounts of strong hydrochloric acid (sp. g. i.id), 
diluted to 100 c.c., and exposed in oi>en beakers for varying 
lengtdis of time; and the residual stannous chloride mca.sured by 
titration with permanganate. The quantities required were as 
follows:— 

Time Exi>o«(*d. 50 ]H'r cent. Acid. toper cent. Add. i percent. Acid. 

I hour ... 33.200. ... 34.40.0. ... 34.50.0. 

1 day ... 5,0 ... 24.0. 27.6 „ 

2 days ... 3.0. 14.5 ,, ... 21.3 „ 

These indicate very elaai'ly the increased susceptibility to oxida¬ 
tion in strongly acid solutions. 

A standard solution of /erne chloride is prepared in the same 
manner as that described under the experiments on the methods 
of reduction; but it should be of twice the strength, so tiiat 
100 c.c. may contain i gram of iron. This solution is used for 
standardising the stannous chloride when required; and must lie 
carefully prepared; and tested for the presen^ of nitric acid. 

The titration is more limited in its application than citlier of 
the oxidising processes because of the restrictions as to bulk, quality 
and quantity of free acid present, and other conditions of the 
solution to be assayed. Tlie following experiments show the con- 
jitions necessary for a successful titration. 

Kffeot of Varying Temperature.—^Twenty c.c. of feme 
chloride solution with 20 o.c. of strong hydrochloric acid, diluted 
to 50 C.C., gave the following results when titrated:— 

Temperature . . .15" 30" 70* loo* 

Stannous chloride required 22.8 c.c. 22.0 o.c. 22.1 o.c. 22.0 0.0. 

The finishing point, however, is more distinct the hotter the 
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solution; so that it is best in all cases to run the standard into 
tlie boiling' solution. 

Effect of Varying Bulk.—Solutions containin'; the same 
.quantity of iron and .acid as the last, but dilated to various bulks, 
and titrated while boiling, gave the following results;— 

hulk.30 c.c. 100 c.c. 500 c.c. 

Btamious chloride required . 21.5 „ 21.7 „ 24.3 ,, 

Effect of Varying Quantities of Hydrochloric Acid.- In 
these cxperiment.s the bulk before titration was 50 c.c. except in 
the last, in which it was 70 c.c. With le.ss than 5 c.c. of strong 
hydrochloric acid the finisliing point is indistinct and prolonged. 

Strong hydrochloric 

acid pre.sent . 5 c.a 10 c.c. 20 c.c. 30 c.c. 50 c.c. 

Stamious chloride 

required . . 21.1 „ 21.i „ 21.2 „ 21.8 „ 22.2 „ 

Effect of Free Sulphuric Acid. - In these experiments in c.c. 
of hydrochloric wid were present, and tlio bulk was 50 c.c. 

Strong sulphuric acid 

present . . . — c.c. 3 c.c. 5 e.o. 10 0.0. 

Shuinous chloride 

required. . . 21.6 „ 22.3 „ 22.9 „ 23.1 „ 

This interference of strong sulplmric acid m.ay bo coinp'etely 
counteracted by somewhat modifying tho mode of working. 
Another ox]ieriment, like the last of this .series, required 21.6 e.c. 

Effect of Foreign Salts.— Experiments in which 10 grams of 
yarioms salts were added showed them to be without oll'ect. The 
results Vere as follows:— 

Salt pre.s™t ... — AmCI Am,SO, llgOl, 

Stannous chloride required 21.6 c.c. 21.6 c.c. 2i6c.c. 21.6 c.c. 

Salt present . . . Cat'l, FcOl, Al, 01 , 

StaiiBous chloride required 2i.Sc.c. 21.6 c.c. 21.60.0. 

Effect of Varying Iron.—Titrating a solution (with 20C.C. of 
hydrochloric acid) measuring 50 o.c., and kept boiling, tho quan¬ 
tity of stannous chloride solution required is practically propoiv 
lional to the iron present. 

Ferric chloride 

added . . i o.c. 10 c.o. 20 cas. co c.e. 100 an. 

Stannous chloride 

required . . i.I „ 10.5 „ 20.6 „ 51.4 „ 102.6 „ 

The student, having practised some of the above exjieriments, 
ray proceed to the assay of an iron ore. 

Determinjtion of Iron in Brown Iron Ore.—Weigh up 
I gram of the dried and powdered ore, cahiue in the cover of « 
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platinum crucible, and dissolve up in an evaporating dish* with 
20 c.c. of strong liydrocbloric acid. When solution is complete, 
dilute to 50 c.c. after leplacing any acid that may have been 
evaporated, lioil, and run in the stannous clih)i i<le solution until 
the Rolour is faintly yellow; boil i*gain, and con^. j. ie the iiddition 
of the stannous chloride solution, stirring continuou.sly until the 
solution appcans colourlc.s.s. Jv'ote the ((imntity of the stannous 
chloiide solution rcipiired. Suppose tlii.s to bo 59 c.c. Take 
60 c.c. of the standard feme chloride solution, add 20 c.c. of 
hydrochloric acid, boil and titrate in the same way as before, 
Sujipikse this to reipiire 61 c.c. Then as 61 is equivalent 10 60 of 
the iron .solution, 59 is equivalent to 58.13.f This gives the j)er- 
eentage. It is not la■(S‘s^ary to standardise the stannous chloiido 
soluti<.u in this way wil.h each sample assayed, the mtio 61 : 60 
would .serve for a whole liatcli of samples; but the standardising 
should bo repeated at least once each day. 

COLORIMETEIC METHOD. 

This method is valuable for the (hdermination of small quantities 
of iron present a.-, impurities in other metals or ores. It is ba.sed 
on the led coloration d(wcloped by tho action of potossio sulpho- 
cyanato on acid solutions of ferric salts. 

t^kmdnrd J-Wric Clduridu ion .—Take i c.c. of the fern'o 

chloride solution used for stand.irdisiug tho stannous chloiido 
solution, add 2 c.c. of dilute hyilrochloiic acid, and dilute to i litre 
with water, i c.c. = o.oi millignun. 

Sdiitmi of rotioixic Xuljdioci/iiiittte .—Dissolve 60 grams 0.' the 
salt in water, and dilute to a litre. It should be (!oli)urle.s3. Use 
10 c.c. for each test. 

The quantity of the substance to bo weighed for the assay 
Bhould not contain more than a milligram of iron; consequently, 
if the ore contain more than 0.1 per cent, of that metal, hess than a 
gram of it must be takni. 

The method is as follows:—Weigh up i gram of the substance 
and dissolve in a .suitable acid; dilute; and add permanganate 
of potash .solution until tinted. IJoil for some time and dilute to 
100 c.c. Take a couple of Nes.sler tulies, holding over 100 c.c., 
but marked at 50 c.c.; label them “ i ” and “ 2 ”; and into each 

* About 5 inches in diameter. 

t 61 : 60 : : So : 5S.13. 

Tho iron in the ore is, tlien, the same in amount as that in 58.13 c.c. of the 
ferric chloride solution; and since 100 c.c. of the latter contain 1 gram of 
iron, 58.13 C.C. of the same contains 0.5813 gram cf iron; and, furtlier, if 
I gram of ore carries this amount of iron, loo grams of ore will obviously 
give 58.13 grams of iron. • 
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pul 10 c.c. of flip pofassic snlpliocyanato solution and 7 c.c. of 
Millie liydiwliloi ic acid. 'J’he solutions should be rolourless. To 
“ I ” luld 10 o.c. of the assay solution, and dilute to the 50 c.c., 
mark. To the other add w.ater, but only to witliin 5 or 10 c.c. of 
this mark. Now run in the standard ferric cldoride solution frofti 
a small burette, i c.c. at a time, stirring after each addition till 
the colour is nearly e(|n.al to that of the aasay (No. i). At thir 
stage bring the solution to the same level by diluting, and make 
a further addition of the standard ferric chloride solution till the 
colours correspond. The amount of iron will bo the sjune in each 
tube; that in the shiudard may be known by reading off the 
volume from the lairotte and multiplying by o.oi milligram. 

If the 10 e.c. of the assay solution gave a colour requiring more 
than 5 or 6 c.c. of the standard ferric chloride solution, repeat the 
detenniuation, taking a smaller projjortion. 

The effect of varying conditions on the assay will be seen from 
the following experiments;— 

Etfoct of Varying Temp^pratnre.—The effect of increase of 
tempeiature is to lessen the colour: in fact, by boiling, the colour 
can be entirely ri moved. All assjiys are best Ciuried out in'the 
cold. 

1 c.c. at 15° would Old} show the colour of 0.75 c.o. at 45* 

2 .. „ „ „ 1.7s « 

5 .. .• .. .. 4-0 » 

Effect of Timo.—The effect of increase of time is to increase 
tho colour, as will be scon from the following experiments:— 

2 c c. on stauding 10 minutes became isjual to 2.25 o.c. 

* 2 „ 20 „ „ „ 2.75 „ 

2 „ „ 40 . 3 -°o .. 

Effect of Free Acid —If no acid at all bo present, the sidpho- 
cyauateof potassium solution removes the colour it first produces, 
so that a certain amount of acid is ucce.s.sary to develop the colour. 
Tho use of a large excess has a tendency to increase the colour 
produced. 

5 C.O. nitric acid (sp. g. 1.4) read 3 7 c.c. instead of 2 0.0. with the dilute 
acid. 

5 0.0. sulpliuric acid (sp. g. 1.32) read 2.2 c.c. instead of 2 O.C. with the 
dilute acid. 

5 c.c. hydrochloric acid (sp.g. 1.16) read 2.5 c.c. ins.ead of 20.C. with the 
dilute acid. 

Effect of Foreign Metals.—Lead, Dieroury, cadmium, bis¬ 
muth, arsenic, tin, antimony, nickel, cobalt, manganese, aluminium, 
sine, strontium, barium, calcium, magnesium, sodium, or potassium, 
when separlttely present in quantities of from 100 to 200 times 
tht weight of iron present, do not interfere if they h.ave previously 
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been brought to tiieir highest oxidised condition by boiling with 
nitric acid or hy treating with jwrmanganate. Arsimic and phos¬ 
phoric acids interfero uides-s an excess of free liydinchloric or 
other acid is present. Oxalic, acid (hut not tartaric acid) in minute 
Duantities destroys the colour. Nitrous acid ■ kes a red colour 
with the sulphtrcyanateof |iot.iBsiutn ; conserpuuitly, when nitric 
acid has boon used in cxco.ss, high results may bo obtained. Copper 
and some other inolals interfere, so that in most cfi-sos it is advis¬ 
able to coneontrate the iroti before estimating it. A blank expe¬ 
riment should always he inadi’ with the raagonts used in order to 
det.eruiine the iron, if any, iutrodiieed duritig the solution, ifcc., of 
the substance asN:iyi'd. 

Dotormination of Iron in Metaltio Copper.—This ma.y be 
mo.st eouveniriilly done during the ostiinal ion of tho arsenic. The 
small tpiantity of white llocrulont preei|iitat« which may bo ob¬ 
served in the iicelie iU'id solution before titrating, contains the 
whole of the iron as feme ar.scn.ite It sliould bo filtered off, 
dissolved in 10 c.c. of ildute hydrochloric acid, and diluted to 
100 e.e.; 10 e.e. of this maybe taken for the estimation. For 
exiniplc: 10 grams of I'opper wore taken, and the iron estimated; 
3.0 e.e. of standard feriue ehloi-ide solution were used, equivalent 
to 0.03 ndlligrain of irop ; this nnilti|ilicd by 10 (beeaiise only 
j„th of the sample was tak<Ti) gives 0.3 milligram as the iron in 
10 grams of coppi>r. This equals 0.003 “>’bt. 

In a series of experiments with this metinid working on lo-gram 
lota of copjior, to which known quantities of iron had been added, 
the following were tho results:— 

Ironprcsent . . o.oi;"/. 00707. 0.1007. 049S7, 

Iron found . 0.015 » 0.061 „ 0.087 » 0.522 „ 

When no arsenic is present in the copper, the iron can lie sepa¬ 
rated by fractionally precipitating wit h sodio carbonate, dissolving 
in ammonia, and filtering off the ferric hydrate. Coppers gene 
rally carry more iron the leas arsenic they contain. 

Determination of Iron in Metallio Zinc.—Dissolve i gram 
of zinc in 10 c.c. of dilute hydroeliloric acid, adding a drop or two 
of nitric acid towards the end to effect complete solution. Boil, 
dilute, and tint with the permanganate of potassium solution; boil 
till colourless, and dilute to too c.c. Take 10 o.c. for the detor- 
minatiou. Make a blank experiment by boiling 10 c.c. of dilute 
hydrochloric acid with a drop or two of nitric add; add a similar 
quantity of the permanganate of potassium solution, boiling, ifec., 
as before. Tlie quantity of iron in zinc varies from leas than 
0.005 to more than 2.0 per cent. When i gram is taken ^d 
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vorkeif as above, each c.c. of feme chloride solution required indi- 
ates o.oi per cent, of iron. 

Determination of Iron in Metallic Tin.—Cover i frram of 
in witii 5 c.it. of liyilrochloric acid, add i c.c. of nitiic acid, and 
svapomte to dryness, lake up with 2 c.c. of dilute hydrochloric 
Lcid, add 10 c.c, of tho potassiu sulphocyanate solution, and make 
ip to 50 c.c. Probably the colour developed will be brown instead 
>f red owin^ to tlie jjresenre of copper: in this case, add to the 
itandard as much c‘op|« 3 r as the assay is known to contain (which 
uusl have previously boon <let(*rmined; s(5e Oopjwr); the titiatnm 
s then airried out in tho usual way. 

Or tlie iron may be seiwrated from tho cop[H‘r in tho tin by the 
ollowing prt>cess:—Dissolv(i 5 grams of metal in 30 c.c. of hydro¬ 
chloric acid and 5 c.c. of nitric acid, and evaporate to diwuc^ss. 
Cake up witli 5 c.c. of dilute liydrochloric acid, add to grams of 
)otash disso)\od in 30 c.c. (if water, and warm till the tin is dis- 
K)lv(^d. Pjiss sulpluirett-ed hydrogen, boil, e»M>l, and filter. The 
ron and copper will be in the ]4re(ip’tate. They are separated in 
ibe ordinary manner. 

riiAC'JTCAb EXEBOISES. 

1. Calcnlute from the following determinations the percentages of 

icrroTis, fcnic, and total iron in the .‘‘aujplo of ore used. 

I gram of ore dissolved and titrated required 26.7 c.c. of 
bichruiuate of isjtussium solution. 

X grain of ore dissoh^ed, reduited, and titrated required 43.5 c.c, 
oi biehromate of potas.^'liim solution. 

^ fcJiandard = 1.014. 

2 . One gram of an ore coni ainctl 0.307 gran \ o t ferrous iron and o 655 gram 

of total iron. Tlie iron (.‘Aistiiig as oxide, what are tho i»er- 
centages of ferrous oxide (FeO) and ferric oxide (Fo,Oj) in 
the ore ? 

3. One gram of brown iron ore dissolved in hydrochloric acid required 

59.2 cc. of stannous chloride (standard—0930). Another prram 
di'.solveil in ac.id and titrated with “permanganate” required 

8.2 c.c. (standard=:o.495i). Calculate the percentages of ferrous, 
ferric, and touil iron. 

4. Another gram of the same ore, roasted, dissolved and titrated with 

Ktannons chloride, required 63.5 c.c. To what extent doc.s tliii 
result confirm the others? 

5. Two grams of a metal were dissolved and diluted U' looc.c. Pivec.c. 

were taken for a coln,imetrio deterniioatien, and required 4.5 c.c, 
of t.he standard ferric chloride solution. ^iThat is the percentage 
of iron in the luclol f 
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NICKEL. 

Nickel and cobalt are closely related in their chemical proper¬ 
ties, and may best bo considered tofrisllier. Nickel is the commonci 
of the two, and is met with in commerce alloyed -.vitli copper and 
zinc as German silver; as also in the coinage of the United States 
and on the Continent. It is used for plating polished iron and 
steel goods, forming a coating little liable to rust and taking a 
good polish. The ores of nickel are not very eoinmon. Kupfer- 
iiiekel and chloanthite are arsenides of nickel with, pnerally, 
more or h'ss iron and cobalt. Nonmeite and garnicrite arc 
hy<lr.ated silicates of nickel and n)aguo.sia. The chief sources of 
nickel are these silieates, which are found in largo (juantity in 
Now Caledoni.a ; and a pyrilos found in Norwiy, containing three 
or four per cent, of the metal. In smaller quantities it is more 
widely distributed, being frequont’; met with in copper ores; 
conse()ueidly, eoinincreial copper is iiu'cly Iree from it. 

Nickel is readily soluble in moderidely eonecnlratcd nitric acid. 
Its salts ii.ro modly green, and soliildo in excess of ammonia, 
forming blue solutions; in these rcspiicts it resembles copper. 
The acid solutions, however, are not precipitated by sulphuretted 
hydrogen, although in alkidine solutions a black sulphide is 
formed which is insoluble in dilute hydrochloric acid. If the sul¬ 
phide is formed in a solution cont,aiuing nmeh free ammonia, the 
precipitation is incomplete, some sulphide remaining in the solu¬ 
tion and colouring it dark brown. These reactions servo to dis¬ 
tinguish and sejiarale nickel from other metals, except cohi '^t. If 
the Bepar,aiod sulphide be heated in a borax bead, the colour 
obtained will be a sherry brown in the outer ll.ame, and grey or 
colourless in the inner flame if nickel only is prc.sent. In the 
presence of cobalt the.so c*olours are nmsked by the intense and 
characteristic blue yielded in both flames by that metal. 

DEY ASSAY. 

Ihe dry a.ss.ay of nickel (cobalt being at the same time deter- 
miiKsl) is based on the foimation of a speise which will c.arry the 
colsvlt, nickel, copper, and some of the iron of the ore in combina¬ 
tion with arsenic. A speise of this kind, fused and expo.sed at a 
red heat to air, Cr.st loses arsenide of iron by oxidation. It is 
only when the iron h.as be(m oxidised that the arsenide of cobalt 
begins to be attacked; and when the removal of the cobalt is 
complete, the nickel commences te pass into the slag, the copper 
being left till last. The changes are rendered evident by fusion 
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m coutaut with txjiux. The process is as follows:—Weigh up ^ 
grams of the ore, aud calciuo thoroughly on a roasting dish in the 
muffle. Hub up with some antlmicite, and re-roast. Mix inti¬ 
mately with from 3 to 5 grams of metallic arsenic, and heat in a 
small covered clay crucible at dull redness in a mulllo until no 
more fumes of arsenic come off (about 15 minutes). TiJeo out the 
, crucible, aud inject a mixture of 20 grama of carbonate of soda, 5 
grams of flour, and 2 grama of fused borax. Place in the wind 
furnace, and raise the temperature gradually until the charge is 
in a state of tranijuil fusion. Pour; when cold, detach the 
button of speise, and weigh. 

Weigh out carefully a [airtion of about i gram of it. Place a 
shallow clay dish in the muffle, and heat it to bright redne.ss; then 
add about 1.5 gr.im of borax glass wrapped in a piece of tissue 
paper; when this has fused, drop the piece of spcLso into it. Close 
the muffle until the speise Ims mcUcil, which should bo almost at 
once. The arsenide of iroii will oxidise first, and when this 1 ms 
ceiised the surface of the button brightens. Pkcmove it from the 
muffle, and quench in water aisoou as the huUon ha-s soiidiflod. 
The borax should be coloured slightly blue. W oigh: the loss iij the 
arsenide of iron. Eepeat the operation with the weighed button 
on another dish, using rather less borax. Continue the scorification 
until a film, green when cold, floating on the surface of the button 
shows that tho nickel is beginning to oxidise. Cool, separate, and 
weigh the button as before. The loss is tho arsenide of cobalt. 

If copper is absent, the speise is now ai-senide of nickel. 

The weight of nicked corresponding to the arsenide got is cal- 
culatad by multiplying by 0.607! And, similarly, the weight of the 
cohalt is ascertained by multiplying the loss in the last scorifica¬ 
tion by 0.615.* ]t must be remembered tlmt the nickel and 
cobalt so obtained aie derived from a fraction only of the speise 
yielded by the ore taken, so tliat the results must be multiplied by 
tho weight of the whole of the speiso, and divided by the weight 
of the fragment used in the determination. As an example, 
suppose 5 grams of ore gave 3.3 grams of speise, and i.i gram of 
this gave 0.8 gram of nickel aivionide. Then— 

0.8 X 0.607 “ 0.4856 gram of nickel 
0.4856 X 3.3-4-1.1 = 1.456 gram of nickel 
And this being obtained from 5 grams of ore is equivalent to 29.12 
per cent. 

When copper is also present, weigh up accurately about 0.5 
gram of gold, and place it on the scjrifier with the button of 
nickel and copper arsenide, using borax as before. Scorify until 

* These oompoands are Ni. As and Co,As, 
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th® button shows the bluish-green colour of a fused golJ-coppei 
alloy. Then cool, and weigh the button of copper and gold. Th 
increase in weight of the gold button gives the copper as metd 
The weight of the copper multiplied by 1.395 "eight of the 
copper arsenide (CajA.s) pre.sent. The dilTeroiice will be the 
nickel arsenide. 

The student should enter the weighings in his book as follows ■ 

Ore taken . . . — grams 

Speise got . . . — „ 


Speise taken.— grams 

Arsenides of C(ih.alt, nickel, and copper . — „ 

nickel and coiiper , . . — „ 

Gold added . . . , — „ 

Gold and cojuier got. . . — „ 

Gliowing Golnlt. . . — per cent 

Nickel. . . — „ 

Coiiiier . . — „ 


WET METHODS. 

Solution and Separation.—Two or three grams of a rich ore, 
or 5 to 10 grams if poor, aro taken for the a-asay. If much 
arsenic is present (as is usually the case), tho ore mu^ he crdciued 
before attat^king with acids. Transfer to a flask ; and boil, first 
with hydrochloric acid until the oxhlcs ai'e dissolved, .and then 
with the help of nitric acid, until latthiiig metalliferous is left. 
Dilute, nearly neutralise with soda, and separate tho iron as basic 
acetate,* as described in page 233. Through tho filtrate pass 
sulphuretted hydrogen till saturated. Allow to settle (bos. over¬ 
night), filter, and wash. Transfer the precipitate to a beaker, and 
dissolve in nitric acid. Dilute with Avater, pa.ss sulphuretted 
hydrogen, and filter off the prccipilute, if any. Boil oil' the gas, 
add ammonia until a precipitate is fonned, and then atadify some¬ 
what strongly with acetic acid. Bass sulphuretted hydrogen in a 
slow stimm until any white precipitate of zinc sulphide, there may 
be, begins to darken. Filter; to the filtrate add ammonia, and 
pass sulphuretted hydrogen. The precipitate will contain the 
nickel and colialt as sulphides. 

Where small quantities of nickel and cobalt are pre-sent, and an 
approximate determination is suflicient, they can be concentrated 
as follows:—llemove the copper, &c., by passing sulphuretted 
hydrogen through the acid solution and filtering; add ammonia 

• With largo quantities of iron tne ferric precipitale should be re 
dissolved and re-piccipitated. The filtrate must be added to tho original 
filtrate. 
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to the filtrate, niicl aftain pass sulpliurettetl hydrogen; then heat 
nearly to boiling, and filter. Dissolve the pi ecipilalo ofT the filter 
with dilute liydrochloric acid ; the residue will contain nearly all 
the nickel and cobalt as .suipliiJos. 

Separation of Nickel and Cobalt. Dissolve the .sulphides 
.separated as above in niliic acid ; render alkidino with a solution 
of potash, then acidify with .'icetic acid ; adil a concentrated solu¬ 
tion of viiriif of potash. The liquid after this addition must have 
an acid rcaciion. Allow to .stand for 24 hours in a warm place. 
Filter oil' the yellow ])rei'ipitatie of nitriti’ of potash and cohalt, and 
wash with a 10 per e(!nt. solution of acetate of potash. 'I’he cobalt 
is dcterniitied in the preci|iitalo in the way described under Coludi. 
The nickel is separated from tho solution by boiling with soilic 
hydrate, filtering, ami dis.solving the precipitfite in nitric acid. 
The solution will conhiin the nickel. 

GEAVIMETEIC DETEEMINATION. 

The solution, which (tonlaitjc the nickel free from other metals, 
is healed, n,ud a soiui.ion of sodic hydrate added in slight excess. 
Tho precipitate is filtered off, wmshed with boiling w.ater, dried, 
ignited at a red he.at, and weighed when cold. The iguiled sub¬ 
stance i.s nickel oxide (NiO), and contains 78.67 per cent, of nickel. 
The oxide is .a green powder, ivadily and conqilelely soluble in 
hydrochloric acid, and without action on lilmus paper. It is very 
ea.sily reduced by ignilion in hydrogen to metallic nickel. 

Nickel is also determined by elcctrolj .ds, as follows;—Tlio nitric 
acid solution is rendered 
strongly ammoniacal, and 
placed tinder the electrolytic 
appaintus used for tho copper 
assay. Three colls (fig. 56), 
however, must be used, 
coupled up for intensity, that 
Ls, with the zinc of ono con¬ 
nected with tho copper of the 
next. The electrolysis is 
allowed to go on over night, and in the morning tho nickel will be 
deposited as a bright and coherent film. A portion of the solu¬ 
tion is drawm off with a pipette ; if it smells ci ammonia, has no 
blue colour, and gives no precipitate with amnionic siilphiile, tho 
separation is complete. Wash the cylinder containing tho de¬ 
posited metal, first with water and then with alcohol, as in the 
copper assay. Dry in the water oven, and weigh. The increase 
in weight iS metallic luckel. 




i M 


Fig. 56. 
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As an example:—Tliere was kikoii i gram of a nickel alloy used 
for coinage. It was dissolved in 10 c.o. of nitric acid, and diluted 
to 100 c.c. with water. The copper was then precipitated by 
electrolysis. It weighed 0.734 gram. The solution, after clcc- 
tvoiysis, was treated with sulphiuutted hydrogOL and the rcniain- 
ing ia)ppor wa.s thrown down as sulphide, and estimated colori- 
nictrieally. This amounted to 3.I milligrams. The filtrate was 
evaporated, tiasited with ammonia, warmed, and filtered. The 
ferric liydrate was dissolved iu dilute acid, and reprecipitiited, dried, 
ignited, and weighed. Its weight was 0,0310 gram. The two 
filtrates were mixed, and reduced in bulk tai about 50 c.c.; a 
considerable exce.ss of ammonia was added, and the nickel precipi¬ 
tated by electrolysis. It weighed 0.2434 griun. These quiintitieS 
are equivalent to: 

(Jopper . , . 73.75 per cent. 

Nickel . , . 24.34 „ 

Iron , . . 2.17 „ 

100.26 

VOLUIIETEIC DETEEMINATION. 

An alkaline solution of potassium cyanide, to which a little 
potas.sium iodide has been added, can beass.ayed for its strength in 
cyanide by titrating with a standard solution of silver nitrate. 
Nickel interferes with thi.s assay, doing the work of its equivalent 
of silver; and the quantity of nickel present can oe calculated 
from the amount of its interference in the titration A voh.gietric 
aasay for nickel is lamed on this. It has the disadvantage of 
all indirect titrations in that it requires two standard solutions. 
On the other hand it gives good results oven under unfavourable 
conditions, and is applicable in the presence of much zinc. Small 
quantities of cobalt will count as so much nickel, but larger qvian- 
tities make the assay unworkable. Some of the other metals— 
lead for example—have no appreciable efl'ect; but practically the 
solution demands a preliminary treatment which would result in 
..heir removal. Nevertheless it is a very satisfactory method and 
makes the determination of nickel quick and comparatively easy 
in most cases. 

TAe eUindard solnlion of silver nitrate is made by dissolving 
14.48 grams of reeiystallised silver nitrate in distilled water and 
diluting to i litre: 100 c.c. of this solution ai-e equivalent to 0.2 5 
gram df nickel.* 


4 KCy + Ni804 = K,NiCy,-c 
2 KC^ + AgNO, =KAgOy, + KNO, 
.-. xAgNO, =Ni 


ll 
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Th» stnndard eoluMon of potasaivm oyanide should be made so aa 
to be exactly equal to the silver nitrate solution. This can be 
done as follows: Weigh up 12 grams of good potassium cyanide 
(95 per cent.), dissolve in water, add 50 c.c. of a 10 per cent, 
solution of sodium hydrate and dilute to i litre. Fill one burette 
with this and another with the solution of silvei' nitrate. Hun 
50 C.C. of the cyanide into a flask; add a few drops of potiissium 
iodide solution and titrate with the standai-d silver nitrate until 
there is a distinct perinanent yellowish turbidity. The titration 
is more fully de.scribod under Cyanide, p. 165. The cyatddo 
solution will l>e fouml rather stronger than the silver nitrate 
dilute it so as to get the two solutions of equal value. For 
example, 51.3 e.c. of silver nitrate may have been required: then 
add 1.3 c.c. of water to each 50 c.c. of the cyanide solution re¬ 
maining. If the full 950 e.c. .are .available, then add to them 
24.7 C.C. of water. After mixing, take another 50 c.c. and titrate 
with the silver nitrate; the two .solutions should now bo exactly 
equal. The cy:mide solution^ being strongly alk,aline with soda, 
keep very well; but its strength should bo cheeked from time to 
time by titrating with silver- nitrate; should there bo any slight 
inequaUty in the strengths of the two solutions it is easily 
allowed for in the c-dculatious. 

The titration.— The solution, containing not much more than 
o.i gram of nickel, and free from the interfer ing metals, must Ire 
cooled. It is next neutralis<‘d and then made strongly alkaline 
with a solution of soda (NaTIO); an excess of 20 or 30 c.c. suflices. 
This will produce a precipitate. The cyanule solutionis now run 
in from a burette until the solution clears, after which an excess 
of about 20 c.c. is added. It is well to use some round number 
of C.C. to simplify the calculation. Add a few drops of potassium 
iodide solution, and run in the standard solution of silver nitrate 
from a burette. This should be done a little at a time, though 
somewhat rapidly, and with constant shaking, till a permanent 
yellow precipitate appears. If the addition of the cyanide did 
not result in a perfectly clear solution, this is because something 
besides nickel is present. The ro,sidue may be filtered olT, though 
with' a little practice the finishing-point may be detected with 
certainty in the presence of a small precipitate. If the student 
has the slightest doubt about a finish he slmuld run in another 
5 C.C. of the cyanide and agai'a finish with silver nitrate. The 
second result -v^l be the same as the first. For example, if 40 c.c. 
of cyanide and 30 c.c. of silver nitrate wo.-e required at the first 
titration, then the 45 c.c. of cyanide in the second titration will 
require 35^!.c. of silver nitrate. The difference between the quan- 
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titles of the two Boliitions used in each case will he 10 c.c. It is 
this difference in the I’eadings of the two burettes which measures 
the quantity of nickel present. Kach c.c. of the difl'erence is 
equal to .0025 giam of nickel. But if the cyanide solution is 
not exactly equal in strength to the silver nin.ite, the qnancity 
of cyanide used should be calculated to its equivalent in silver 
nitrate before making the subtriu’tion. 

The following cxperinieiital re.sult.s illustr.ite the accuracy of 
the assay and the eU'eid ujkju it of varying conditions. A solution 
containing i gram of nickel sulph.ato (NiS 0 j. 6 I!„ 0 ) in 100 c.c. 
was n.scd. By a separate a.ssay the sulphate was found to contain 
22.25 l'**t' nickel. For the sake of simjilicity the results 

of the experiments are .stated in weights of nickel in grains. 

Bii'ect of varying oxcoss of Cyanide Solution. -In each 
e.xjmriment there was 20 c.c. of tho nickel .solution, equal to .0445 
gram of nickel. There were also i j c.c. of soda solution, 3 or 4 
drops of pota,s.sinin iodide and suflicient water to bring the bulk 
to 100 c.c. before titrating. 

Cyanide in excess . . .6 c.c. 4 c.c. 8 c.c. 12 c c. 23 c.0. 

Nickel found . . , .0434 .0436 .0440 .0-143 .0444 

Although tho dilferonec between the highe.st and lowest of 
these results is only 1 milligram, tlieir meaning is quite obvious. 
The exeess of cyaiiiilo should not be less than 20 c.c. 

Effect of varying the quantity of Soda.—There were 
two .series of experiments, one with 2 c.c. of nickel solution 
(= .00)4 gram of nickel), tho other with 20 c.c. The conditions 
were as before, exeept that the quantity of soda was vaiieii. 

Soda added.5 c.c. 15 c.c. 30 0.0. 

Nickel found, 1st .series , . .0037 .0042 .0045 

„ „ 2nd series . . .0444 .0414 .0442 

These show that the presence of much soda, though it has only 
a small eifect, is beneficial ralhor than othoiwise. Ammonia has 
a bad effect, if present in anything like the same qnantitie.s. 

Effect of varying the BTiokel.—In expi>dmcnts with 10, 
ao, and 40 c.c. of the nickel solution, tho results were:— 

Nickel present..0222 .0445 .riSqo 

Nickel funnd.0220 .0442 .0884 

Effect of Zinc. — In these expciiments 20 c.c. of nickel 
solution (=.0445 gram of nickel), 10 c.c. of soda, 6 drops of 
potassiran iedido and water to 100 c.c. were used. The excess of 
cyanide was purposely kept at from 10 to 15 c.c., which is hardly 
sufficient. 

Zinc added . . . , o .25 gram. .5 gram. 

Nickel fonnd . > . .0442 .0440 .0407 
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Uii increasing the excess of cyanide to over 20 c.c. and doubling 
the quantity of soda, the experiment with 0.5 gram of zinc gave 
0.441 grain of nickel. Hence the titration is satisfactory in the 
pi’escnco of zinc provided that not fewer than 20 or 30 e.c. of 
soda are used, and that the excess of cyanide is such that not 
fewer than 20 or 30 c.c. of silver nitrate are required in the 
litration. Moreover, these precautions should be taken whether 
zinc is present or not. 

Effoot of other Metals.—If metalB of the first and second 
groups are present they should be removed by passing suliduir- 
etted hydrogen and filtering. If iron is present it must bo 
i-einovod, since ferrous salts use up much cyanide, forming ferro- 
cyanides, and ferric salts yield fcriic hydrate, which ohscurcs the 
end reaction. Hence the snlpliuiettcd hydrogen must be boiled 
off .and the iron removed as basic ferric acx'tate by the method 
described on p. 233. If'tlie precipitate is bulky it should be 
dissoh ed in a little dilute add, neutralised and again preeijiitated 
ns basic ax'ctato. The nickel will lie in the two filtrates. In the 
absence of manganese and cobalt the titration may be made 
without fuither separation. 

Manganese does not directly interfere, but the precipitated 
hydrate, wliich rapidly dai kens through atmospheric oxidation, 
obscures the end i-eaction. It may be removed by passing sul¬ 
phuretted hydrogen through the filtrate from the acetate separa¬ 
tion ; sulphides of nickel cobalt and zinc will he precipitated, 
whilst nninganese remains in solution; the addition of mure 
sodium acebite may assist the precipitation. The piedpitate 
must*' be filtered off and dissolved in nitric acid: the solution 
should bo evajiorated to dryness. The filtrate may retain a little 
nickel; if so, add ammonia till alkaline, then acidify with acetic 
acid and again filter; any small precipitate obtained here should 
be added to that first obtained. 

It is oidy when eohaU is present that any further separation is 
required. Cobalt hydrate takes up oxygen from the air, and on 
adding potassium cyanide some ma.y refuse to dissolve; and the 
solution itself acquires a brown colour, which becomes deeper on 
standing. At this stage the cobalt is easily separated. The solu¬ 
tion containing the nickel and cobalt with no groat excess of acid, 
is made alkaline by adding 20 c.c. of soda exiu-tiy as in preparing 
for a titration. So, too, the solution of cyanide is added so as to 
have an excess of 20 or 30 c.c. j the solution may have a brown 
colour, but if it is not quite clear it must be filtered. Then 
warm (boiling is not needed) and add from 50 to 100 c.c, of 
bromine w&ter. This throws down all the nickel as black peroxide 
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in B condition easy to filter. Pi'ter it off and wash with water. 
The precipitate can be dissolved off the filter with the greatest 
ease by a little warm sulphurous acid. The filtrate and washings, 
boiled till free from sulphurous acid, yield the nickel as sulphate 
in a clean condition. 

Betermination of Nickel in Nickel Sulphate Crystals.— 
Take 0.5 gram o^ the salt, dissolve in 50 c.c. of watei and add 
25 c.c. of solution of soda. Run in fiem a burette, say, 60 c.c. 
“ cyanide.” Add a few drops of potassium iodide .and titrate 
back with “silver nitrate.” Suppose 15.5 c.c. of the latter is 
required. Then 15.5 c.c. subtracted from 60 c.c. leaves 44.5 c.c., 
and since 100 c.c. = 0.25 gram of nickel, 44.5 c.c. will equal 
0.11125 gram of nickel. This in 0.5 gram of the salt oquijs 
22.25 porcent. 

Betermination of Nickel in German Silver.—Weigh up 
0.5 gram of the alloy, and dissobe in a dish with 5 or 10 c.c. 
of dilute nitric acid. Add 5 c.c. of dilute sulphuric acid and 
evaporate till all the nitric acid is removed. Cool, lake up with 
50 c.c. of water, and when dissolved pass sulphuretted hydrogen 
through the solution. Filter off the precipitate and wash with 
water containing sulphuretted hydrogen and dilute sulphuric 
acid. Boil down the filtrate and washings to get rid of the 
excess of the ga.s; add some nitric acid and continue the boiling. 
Cool, neutralise the excess of acid with soda, add i gram of 
sodium acetate .and boil. Filter oft’ the precipitate which contains 
tho iron. The filtrate, cooled and rendered alkaline with soda, is 
ready for the titration. 


COBALT 

Occurs less abundantly than nickel. Its chief ores are smaltite 
and cobaltite, which are arsenides of cobalt, with more or lets iron, 
nickel, and c(q)per. It also occurs ns arseniate in erythrine, and 
as oxide in asbolan or earthy cobalt, which is essentially a wad 
carrying cobalt. 

It is mainly used in the manufacture of smalts for imparting a 
blue colour to glass and enamels. The oxide of cobalt forms 
colourod compounds with many other metallic oxid&s. With oxide 
of zinc it foiins “ Riumau’s green”; with .aluminia, a blue ; with 
Hiago^ia, a pink. This property is taken advantage of in the 
detection of substances before tho blow-pipe. 

The compounds of cobalt in most of their properties closely 
resemble those of nickel, and the remarks ns to solution and 
separation pven for the latter metal apply hero. Solutions of 
nobalt are pink, whilst those of nickel are green. 
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The detection of (‘ol)alt, e\cn in veiy small quantity, is rendered 
easy by the stroiip; blue colour which it f^ives to the bonix bead, 
both in the oxidising and in the reducing flame. It is concen¬ 
trated from (he ore in the same way as nickel, and should be 
separated from that metal by means of pottissic nitrite in the way 
desciibed. The dry assay of cobalt has been given under Nickel, 

GRAVIMETEIC METHOD. 

The yellow precipitate from the potassium nitrite, after being 
washed with the acetate of potash, is wsushod with alcohol, dried, 
transfeiTcd to a weighed porcelain crucible, arid cautiously ignited 
with an excess of strong sulphuric acid. The bo.ib must not be 
Ruflicient to decompose the sulphate of cobalt, which decomposi* 
tion is indicated by a blackening of the substance at the edges. 
The salt bears a low red heat without breaking up. If blaekou- 
ing has oco\irred, moisten with sulphuric acid, jnid ignite again. 
Cool and weigh. Tlio suh^te^XiCe is a mixtui^* u! iho sidphtites of 
colult and potash {2Uo)S(>^'*“ 3l\\BO^), and eontaiiis 14.17 per 
cent, of cobalt. 

Cohalt is also graviraetncally determineu, like nickel, by elec¬ 
trolysis, or by precipitation with sodic hydrate. In the latter 
case, the ignited oxide will be somewhjit uncjortain in composition, 
owing to its containing an excess of oxygen. Consequently, it is 
better to reduce it by igniting at a red heat in a emrent of 
hydi'ogen and to weigh it as metallic (^'balt. 

PRAf'TlCATi EXERCTPm 

I. In the dry assay of an ore coriuiiuing cobalt, nickel, and eojper, the 
follnwing ifsiills were obUined. Calculate the pcrceiitsiges. 
Ore tjiken, 5 giauis. 8pei.se formed, 0.99 gram. SjKiise tnkt'n, 
0.99 gram. Ai'senidcs of cobalt, nickel, and co]>per got, 0.75 gram. 
Arsonide of nickel and copper got, 0 54 gram. Gold added, a5 
gram. Gold and copper got, 0.61 gram, 

t. Calculate the percentage composition of the following (soinpounds: 
Co^, Nl^s, and Cu,As. 

3. A sample of mispickel contains 7 }»cr oemt. cobjdt. What weight 

of the mixed sulphates of potash nnd cobalt will be obtained in a 
gravimetric determination on 1 gram of the ore i 

4. a3i57 gram of metal was dopo.sited by the. cltCi,rolysis of a nickd 

aud cobalt solution. On dissolving in nitno atsid and doterniiiiing 
the cobalt 0.2563 gram of potassium aril cobalt sulphates were 
got. Find the weights of cobalt and nickel present in ths 

What should he the percentage composition of pure oobaltite, iti 
fonn&la being CoAsS 1 
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ZIKO. 

Zinc occnra in nfttare most commonly sii snlpliide (blende) ; it 
also occurs as carboiiato (ciilamiiie) and silicate (sinitbsonitc). 
Eacli of these is sufficiently abundant to be a source of the 
metal. 

The metal is known in commerce as “ spelter ” when in ingots, 
and as sheet zinc when rolled. It is chiefly used in the form of 
alloys with co)n)er, which are known as brasses. It is also used 
in tho form of a thin fllm, to protect iron goods from rusting 
—galvanised iron. 

Ores of zinc, more especially blende, are mot with in moat lead, 
copjior, gold, and silver mines, in Ifirgor or small quantities 
scat tered through the lodes. Those orre which generally come 
under tho notice of the assaycr are fairly rich in zinc; but alloys 
and metallurgical products contain it in veiy varying proportions. 

Zinc itself is muliiy soluble in oiluto acids ; any residue which 
is loft after boiling with dilute hydrochloric or sulphuric acid 
consists simply of the impurities of the metal; this is generally 
lejid. 

All zinc compounds are either soluble in, or are decomposed by, 
boding with acids, the zinc going into solution. Zinc forms only 
one series of salts, and these are colourless. Their chief charac- 
teri.stic is solubility in an alkaline solution, from which sulphu¬ 
retted hydrogen produces a white precipitate of zinc sulphide. 
Zinc is detected by dksolving the substance in hydrochloric or 
nitric acid, boiling, and adding sodic hydrate in excess, filtering, 
and adding ammonic sulphide to the filtrate. The preopitate 
contains the zinc, which can be dissolved out by boiling with 
dilute sulphuric acid, and detected by the formation of a white 
precipitate on the addition of potassic ferrocyanide. 

The dry assay of zinc can only be made indirectly, and is un¬ 
satisfactory. Zinc is volatile, and at the temperature of its 
reduction is a gas. It is impracticable to condense the vapour so 
as to weigh the metal, consequently its amount is determined by 
loss. The following method gives approximate results: Take 10 
grams of the dried end powdered ore and roast, first at a low 
temperature and afterwards at a higher one, with the help of 
carbonate of ammonia to decompose the sulphates formed ; cool 
and weigh. The metals will be present as oxides. Mix with 
a grams of powdered charcoal and charge into a black-lead 
ca-ucible heated to whiteness, cover loosely, and leave in the 
furnace for about a quarter of an hour. Uncover and calcine the 
residue, cool and weigh. The loss in weight multiplied by 8.03 
gives the pei’centage of tine in the ore. 
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WET HETHOSS. 

Solution and caparation may be offoated aa follows: Treat i or 3 
grams of the sebstaiice with 10 or 30 c.c. of hydrochloric acid or 
aqua regia; evapoiuto to dryness; take up with 10 c.c. of hydro¬ 
chloric acid and dilute to 100 c.c.; heat nearly to trailing; 
saturate with sulphuretted hydrogen; filter, and wash with water 
acidulutcd with hydrochloric acid. Boil ofl' the sulphuretted 
hydrogen and peroxidiso with a few drojrs of nitric acid. Cool; 
add caustic soda till nearly, hut. nut quite, neutralised, and separate 
the iron as basic acetate by the metliod described under/row. To 
the filtrate add ammonia till alkaline, and pass sulphuretted 
hydrogen. Allow to settle and decant on to a filter. Dissolve 
oir the precipitate from the filter with hot dilute hydrochlorie 
acid. The solution will crfntain the zinc, together with any man¬ 
ganese the ore contained, and, perhaps, traces of nickel and cobidt. 
If the zinc is to he determinrri volumetrically, .and manganese is 
present, this latter is separated rvith carbonate of iinunonia, as 
described further on; but it a gravimetric method is used, and 
only small quantities of manganese are present, it is better to 
proceed aa if it were absent, and to subsequently determino its 
amount, which should be deducted. 

GBAVIMETBIC DBTEHMIWATION 

The solution containing the zinc is contained in an evaporating 
dish, and freed from sulphuretted hydrogen by boiling, and, if 
necessary, from an excess of acid by evaporation. The evaporat¬ 
ing dish must be a large one. Cautiously add sodium carbonate 
to the hot, moderately dilute solution, until the liquid is dis¬ 
tinctly alkaline, and boil. Allow the precipitate to settle, decant 
on to a filter, and wash with hot water. Dry, transfer to a 
porcelain crucible (clesining the paper as much as possible), add 
the ash, ignite, and weigh. The substance weighed is oxide of 
zinc, which contains 8o.s6 per emit, of the metal. It is a white 
powder, liecomin^ yellow when heated. It must not show an 
alkaline reaction when moistened. If it contains manganese tliis 
metal will be pirasent as sesipiioxide (MtijO,). Ibi amount can 
be deteiinined by ilissolving in dilute acid and boiling with an 
excess of sodic hydrate. The oxide of inarigancBe will lie pre¬ 
cipitated, and can be ignited and weighed. Its weight multiplied 
by 1.035 “>'>st be deducted from the weight of oxide of zinc 
previously-tibtainad. The re.sullB yu-l.h i liy the gravimetric 
determinarion are iilceiy tra be high, since the basic carbonate of 
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rinc frequently carries down with it more or less soda which is 
difficult to wash offi. 

VOLUMETEIO DETEBMINATIOir 

This method is based on the facts that zinc salts in an acid 
solution dcconif)oao potassium feiTocyanide, forming a white in¬ 
soluble zinc compound; and that an excess of the feiTocyanide 
can be delected by the brown coloration it strikes with uranium 
acetate. The method resembles in its working the bichromate 
iron assay. The standard solution of potassium ferrocyanide is 
run into a hot hydrochloric acid solution of the zinc until a drop 
of the latter brought in contact with a drop of the indicator 
(uranium acetate) on a white pkite strikes a brown colour. The 
quantity of zinc in the solution must bo airproximatoly known; 
run in a little loss of the ferrocyuirde than is expected will be 
neces&ary; te.st a drop or two of the assay, and then run in, one or 
two c.o. at a time, until the brown colour is obtained. Add 5 c.c. 
of a stamlard zinc solution, equivalent in strength to the standard 
“ ferrocyanide,” re-titrate, and finish off cautiously. Of course 
5 c.c. must be deducted from the reading on the burette. The 
piwipitate of zinc ferrocyanide formed in the assay solution is 
white; but if traces of iron are present, it becomes bluish. If 
the quantity of ferrocyanide required is known within a few c.c., 
the finishing point is exactly determined in the first titration 
without any addition of the standard zinc solution. Unfortunately 
this titration serves simply to replace the gravimetric determina¬ 
tion, and does not, as many volumetric processes do, lessen the 
necessity for a complete separation of any other metals which 
are present. Mo.st metids give precipitates with fen-ocyanide of 
potitssium in acid sfdutions. If the conditions are held to, the 
titration is a fairly good one, and differences in the results of an 
8.ssay will be due to error in the separation. Ferric hydrate 
pi-ecipitated in a fairly strong solution of zinc will carry with it 
perceptible quantities of that metal. Similarly, large quantities 
of copper precipitated as sulphide by means of sulphuretted 
hydrogen will carry zinc with it, except under certain, nicely 
drawn conditions. When m-ich copper is present it is best 
separated in a nitric acid solution by electrolysis. The titration 
of the zinc takes less time, and, with ordinary working, is more 
trustworthy than the gravimetric method. 

Tht itamdard ferroeyanide solution is made by dissolving 43.* 
grams of potassium ferrocyanide (K,FeCy,.311,0) in water, and 
diluting to a litre. One hundred c.c. are equal to i gram of 

SilMN 
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The standard ziisc sohitimi is made by dissolving lo grams of 
pure zine in 50 e.c. of liyilrocliloric aoid and 100 or 200 c.e. of 
water, suid dihitiiig to i litre, or by dissolving 44.15 grams of 
zinc snlpliate (/inSO^.ylljO) in water with 50 c.c. of byilro- 
clilorio acid, and diluting to i litre. Ono Imndml c.c. will 
contain i gnim of zinc. 

'The, uranium ucetate sohiiion is made by diasolving 0.2 gram of 
the salt in 100 c.c. of water. 

To standardise the “ feiTocyaiiide ” measure oil’ 50 c.c. of the 
standard zinc solution into a 10 oz. beaker, dilute to 100 c.c., and 
heat to about 50° 0 . (not to boiling). Run in 47 or 48 c.c. of the 
“ fen’oeyanide ” solution from an ordinaiT burette, and finish off 
cautiously. Fifty di\ideil by the quantity of “ ferrocyanido” 
solution required gives the standard. 

In aastiying ores, itc., take such quantity us shall contain from 
o.i to 1 gram of zinc, sejiarate the zinc as sulphide, as already 
directed. Dissolve the sulphide oil' the filler with hot dilute 
hydrochloric acid, which is lisst done by a stream from a wash 
bottle, hlvaporato the liltraH', tr/ ,1 piste, add 5 c.c. of dilute 
hydrochloric acid, dilute to 100 c.c. or 150 cc., heat to about 
50° C., and titrate. Jlanganose, if present, counts as so much 
zinc, and must he specially separated, since it is not removed by 
the method already given. The following method will efi'ect its 
reinov’al. To the hydrochloric acid solution of the zinc and man¬ 
ganese add sodium acetate in large excess and pass sulphuretted 
hydrogen freely. Allow to settle, filter off the zinc sulphide and 
wash with suliJnn etted hydrogen water. The precipitate, freed 
from iliangauesc, is then dissolved in hydrochloric acid and titrated, 

Tho following experiments show the effect of variation in the 
conditions of tho ass.ay 

Effect of Varying Temperature.—ITsing 20 c.c. of the 
8tand.ard zinc solution, 5 c.c. of dilute hydrochloric acid, and di¬ 
luting to too c.c. 

Teiupcratnrc ... 15° C. 30° C. 70° C. 100° 0 . 

“ Ferrocyanido "ref^fiirod 20.6 c.c. 20.30.0. 20.3 c.c, 20.3 O.c 

The solution can be heated to boiling before titrating without 
intei-fefing with the ressult; but it is more convenient to work 
with the solution at about 50° C. Cold solutions must not, be 
used. 

Effect of Varying Bulk.—These were all titrated at about 
50° C., and were like the last, but with varying bulk. 

jjulk .... 25.0 C.O. 50.0 c.c. 100.0 C.C. 200.0 O.C. 

“ I’errocyanide ” required 20.2 ,. 20.4 „ 20.3 „ 20.4 „ 

iny ordinary variation in bulk has no effect. 
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BfToct of Varying Hydrochloric Acid.—With 100 c.c. 
bulk and varying dihit* hydrochloric acid the results were 


Acid added . ooc.c. 1.0 c.c. 5.0C.C. 10.0 c.c. 20.0 cc. 
“ Ki-irocyanijlc” 

rctiiiirod . 24.4 202 20.3 „ ^1 » 20.7 n 


Effect of Eoreign Salts.—The experiments were carried out 
under the same conditions a.s the other's. Mvo grams each of the 
following Siilts were added ; -- 


Salt act led . . • | 

** Ferroc\anidu ” required 
Salt added . . . ■ 

“ li'cn-oeyaiiicle" required 


Ammonic Ammonic Sodium Sodium 
eliloiide. sulphate, chloride, sulphate. 
20.3 c C. 20.5 C.O, 20.6 C.C. 20.4 c.c. 
PoUissinm Magnesium 
nitrate. .sulphate. 

20.2 c.c. 20.4 t.c, 20.4 C.O. 


In a serii'H of cxpei iiuonts in w’nioL foreign metals were present 
to tiu) extent of 0.050 gram in each, with 20 c.c. of /.inc solution 
anil 5 c.c. of dilute hydrochloric acid, those in which copper 
suiphate, feiTous sulphate, and feriic chloride were used, giive (as 
luiglit bo expected) so strongly coloui'ed precipitates that the end 
react ion could not bo recogiiisod. The other results wore- 

“Fprroctanldo” 

wquirod. 

With nothing addud . . . . t . 20.3 c.c. 

„ 0.050 gram lead (as chloride) . . . 20.9 „ 

„ ao50 „ manganese (as sulphate) . 25.5 „ 

„ 0.050 „ cadmium (as sulphate) . . 23.5 „ 

„ 0.050 „ rdckcl (as sulphate) • . 26.2 ,, ^ 

Effect of Varying Zinc.—These wore titrated under the 
usual conditions, and gave the following results:— 

SSinc added . i.oc.c. 10.0 c.o. 20.0 c.c, 50.0 c.c. 100.0 c.c. 

” Ferrocyan ide 

required . i.i 1. *e*2 ,t 20.3 »» 5 ®*° »» 101.0 „ 

Determination of Zinc in a Sample of Srass.—Take the 
solution from which the copper has been separated by electrolysis 
and pass sulphuretted hydrogen until the remfiining tnices of 
copper and the lead are precipitated, filter, boil the solution free 
from sulphxiretted hydrogen, put in a piece of litmus paper, and 
add sodic hydrate solution in slight excess; add 10 c.c. of dilute 
hydrochloiic acid (which should render the solution acid and 
clear); warm, and titrate. 

A sample of 0.5 gram of brass treated in this manner required 
16.4 c.c. of ** ferrocyanide ” (standard 100 c.c. = 0.9909 zinc), 
which equals 0.1625 gi’am of zinc or 32.5 per cent. 
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Determination of Zino in Blende.—Diesolve i gram of the 
dried and powdered sample in 25 c.c. of nitric acid with the help 
of two or three grains of potassium chlorate dissolved in the acid 
Evaporate to complete dryness, taking care to avoid spirting. 
Add 7 grams of powdered ammonium chloride, 15 c.c. of strong 
ammonia .and 25 c.c. of boiling water ; boil for one minute and 
see that the residue is all softened. Filter through a small filter, 
and wash thoroughly with small quantities of a hot one per cant, 
solution of ammonium chloride. Add 25 c.c. of hydrochloric acid 
to the fdtrate. Place in the solution some clean lead foil, say 10 
or 20 square inches. Boil gently until the solution Im been 
colourless for three or four minufes. PUter, wash with a little 
hot water; and titrate with standard forrocyanide. 


Determination of Zfno in Silver Precipitate.—Tliis pre¬ 
cipitate contains lead sulphate, silver, copper, iron, zinc, lime, ita 
Weigh up 5 gi"ams of the saiyple, and extract with 30 c.c. of dilute 
sulphuric acid with the aid of heat. Separate the copper with sul¬ 
phuretted liydi-ogon, peroxidise the iron with a drop or two of 
nitric .acid, and .separate as acetate. Render the filtrate ammo- 
niac.al, pass sulphuretted hydrogen ; warm, and filter. Dissolve 
the precipitated zinc sulphide in dilute hydrochloric arid, evapo¬ 
rate, dilute, and titrate. Silver precipitates carry about 2.5 per 
cent, of zinc. 

GASOMETEIO METHOD. 

Metallic zinc is readily soluble in dilute hydrochloric or sulphuric 
aiad, hydrogen being at the sixnie time evolved.* The volume of 
the hydrogen evolved is obviously a measure of the amount of 
zinc present in the metallic state. The speed with which the 
reaction goes on (oven in the cold) and the insolubility of 
hydrogen renders this method of assay a convenient one. It is 
especially applicable to the determination of the proportion of 
zinc in zinc dust. Tlio apparatus described in the chapter on 
gnsojaetric method is used. The method of working is as follows: 
Fill the two burettes with cold water to a little uliove the zero 
mark, place ill the bottle about 0.25 gram of the subsiaiice to he 
determined, and in the inner phial or test tube 5 c.c. of dilute 
. sulphuric arid; cork the apparatus tightly and allow to stand for 
a few minutes; then bring the water to the same level in the two 
burettes by i-unning oat through the clip at the bottom. Read 
aS the level of the liquid in the graduated burette. Turn the 

* Zo ^ H|SO, ai ZnSO,. 
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bottle over siiffiriently to sijill the acid over the zinc, and then 
run water out of the apparatus so as to keep the li<)iiid iu the 
two burettes at the same level, taking care not to run it out more 
quickly than the hydrogen is being generated. When the vmlumo 
of gas ceases to increase, read oil’the level ofliquid, deduct 
the reading which was started with; the did'erenee gives the 
volume of hydrogen evolved. At the same time read off the 
volume of .air in the “volume conector,” which must be fixed 
alongside the ghs bm'ettos. ' Make the correction. For exiunple: 
A piece of zinc weighing 0.2835 gram was found to give 99.9 c.c. 
of gas at a time when the corrector read 104 c.c.* Then the 
coiTccted volume is 

104 : 10099.9 : *. 

a: = 96.0 c.c. 

100 c.c. of hydrogen at o* C. and 760 mm. is equivalent to 0.2912 
gram of zinc; therefore the quantity of zinc found is 

100 : 96;; 0.2912 : x. 

0.2795 gram of zinc. 

This being contained in 0.2835 gr^ °f metal la equivalent to 
98.5 per cent. 

As an example of a determination in which reducing the 
volume of liberated hydrogen to 0° C. and 760 mm. is avoided, 
the following may be taken :— 

0.2315 gram of pure zinc gave 82.1 c.e. of gas; 
and the volume of air iu the corrector was 103.6 c.c. 

0.2835 gram of the .assay gave 99.9 c.c. of gas; 
and the volume of air in the corrector was 104.0 c.c.; 

104 : 103.6;; 99.9 : x. 

* = 99.50.0. 

This la the volume of gas got in the assay if measured under 
the same conditiuns as the standard, 

82.1 : 99.5:: 0.2315 

* = 0.2806. 

Then 0.2835 ; 0.2806100 ; 

* = 98.9 per cent. 

As these assays can ho made quickly, it is well for the sake of 
greater accuracy to make them in duplicate, and to take the mean 
of the readings. One set of standardisings will do for any 
number of assays. The student must carefully avoid unnecessary 
handling of the bottle in which the zinc is dissolved. 

Colorimetiio Method. —Zinc salts being colourless, there is 
no colorimetric determination. 

These 1040.C. are equivalent to 1000.0. of dry air at o O.and 760 mm. 
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EXAMIHATION OP COMMERCIAL ZINC. 

Take 20 grams of zinc, and dissolve them in dilute nitric acid; 
boil, allow to settle; filter; wash, dry; ignite the precipitate, 
if any, and weigh as oxide of tin. Examine tliLs for arsenic. 

Lead.—Add ammonia and carbonate of ammonia .to the liquid, 
and boil, filter off the precipitate, wash with hot water. Digest 
the precipitate with dilute sulphuric acid; filter, wash, and weigh 
the sulphate of lead. 

Iron.—To the filtrate from the sulphate of load add ammonia, 
and pass sulphuretted hydrogen; digest, and filter. (Save the 
filtiate.) Dissolve the preeijjitate in hydrochloric acid, oxidise 
with nitric acid, and precipitate with ammonia. Wash, ignite, 
and weigh as ferric oxide.. Calculate to iron. 

Arsenic.—To the filtrate from the sulphide of iron add hydro¬ 
chloric acid in slight excess; filter off, and wash the precipitate. 
Rinse it back into the beakei^ dissolve in nitric acid, filter from 
the sulphur, and add ammonia, in e.xcesa, and magnesia mixture. 
Filter off the ammonic-magnesic arsenate, and wash with dilute 
ammonia. Dry, ignite with nitric acid, and weigh os magnesic 
pyrarsenate. Calculate to arsenic, and add to that found with 
the tin. 

Copper.—To the filtrate from the ammonia and ammonio 
carbonate add sulphuric acid in small exce.ss, and pass sulphuretted 
hydrogen. Allow to settle, filter, and wash. Rinse the precipi¬ 
tate into a beaker, boil with dilute sulphuric acid, and filter. (Save 
the filtrate.) Dry, bum the paper with the precipitate, treat 
with a drop or two of nitric acid, ignite, and weigh as copper 
oxide. Calculate to copper. 

Cadmium.—^To the filtrate from the sulphide of copper add 
ammonia, so as to nearly neutralise the excess of add, and pass 
sulphuretted hydrogen. Collect and weigh the precipitate as 
cadmium sulphide, as described under Cadmium. 


* mOTtCAL KXEROISES. 

1. What weight of hydrogen will he evolved in dissolving i gram of lino 

in dilate salphorio actl i 

2. How many c.c. would this quantity of hydrogen measure at 0° 0 . and 

;6o m.m. ? (I litre weighs 0.0896 gram). 

3. 023 gram of sine are found to give 77.9 0.0. of hydrogen. In 

ano^er experiment nnder the same conditions 80.2 0.6. are got 
What weight ^ sine was used for the second experiment I 
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4, A ioniple of blende if found to contun 55 per cent, of lino. What 

percentage of zinc sulphide dia the sample contain 1 

5. How mnob metallic lead would be precipitated from a solution of 

lead acetate b; i gram of zinc t 

CADMIUM. 

Cadmium ooeurs'in nature as cadmium sulphide in greenockite, 
CdS, which is veiy rare. It is widely diffused in calamine, blende, 
and other zinc ores, forming, in some cases, as much as 2 or 3 
per cent, of the ore. Oxide of cadmium forms the "brown 
blaze " of the zinc smelters. 

Sulphide of cadmium is used as a pigment (cadmium yellow); 
and the mdtal and some of its salts are useful reagents. 

The salts of citdmium closely resemble those of zinc. The 
hydrate, however, is insoluble in excess of potash, and the 
sulphide is insoluble in dilute acids. It forms only one series of 
salts. 

Cadmium is detected by giving with sulphuretted hydrogen in 
solutions, not too strongly acid, a yellow precipitate, which is 
insoluble in solutions of the alkalies, alkaline sulphides, or cyanide 
of potassium. 

Solution and Separation.—Substances containing cadmium 
are soluble in acids. The solution is evaporated to dryness (to 
render any silica that may be present insoluble) and taken up 
with 10 c.o. of dilute hydrochloric acid. Dilute to 100 c.c., and 
pass sulphuretted hydrogen. Filter, digest the precipitate with 
soda, wash, and boil with dilute sulphuric acid. Filter, the 
filtrate contains the cadmium and, possibly, a small quantity of 
zinc, from which it is beat separated by reprecipitating with 
sulphuretted hydrogen. 

OBAYIHKTBIO DBTBBHIKATIOB. 

The solution containing the cadmium freed from the other metals 
is precipitated with sulphuretted hydrogen in a moderately'.acid 
solution. The precipitate is collected on a weighed filter, alfll 
washed, first with an acid solution of sulphuretted hydrogen, and 
afterwards with water. It is dried at 100° 0 . and weighed. If 
free sulphur is suspected to be present, extract with bisMphide of 
carbon, and again weigh. The residue is cadmium sulphide, 
which contains 77.78 per cent, of cadmium. It is a yellow 
powder insoluble in solutions of the alkalies, alkaline sulphides, or 
cyanide of potassium. It dissolves readily in acid. It cannot be 
ignited in a current of hydrogen without less. 
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VOLUMETRIC METHOD. 

The solution containing the cadmium is concentrated by evapora¬ 
tion, and mixed with an excess of oxalic acid and alcohol. The 
precipitate is filtered, washed with alcohol, dissolved in hot 
hydrwhloric add, and titrated with permanganate of potassium. 
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TIW.— TUirOBTBN.— TITAKITTM. 

TIN. 

Tis oxide occurs in nature as cassiterite, and this mineral is the 
source from which the whole of the tin of commerce is derived. 
Tantalite, oolumbite, samarskite, fergusonite, and some other 
allied minerals contain tin oxide in small quantities, rarely 
reaching 5 or 6 per cent. Tin .nlphide is found in combina¬ 
tion with other metallic sulphides in the following minerals: 
stannite, OujFeSnSjj frankeite, Pb,Sn,Sb,S„; cylindrite or ky- 
lindrite, fb,Sn,Sb,B,, and canfieldite, Ag|OnS,. Metallic tin 
has been found in a lew localities. Tin oxide has been found in 
some ill-defined silicates and in the well-crystallised mineral 
stokesite, CaSnSi,0,.2E,0. In very small proportions it has 
also been found in mica and other r^-forming minerals, and it 
occurs somewhat frequently in the oohreous sediments from hot 
springs. 

Oasmterite is a mineral which varies much in quality, and 
consequently in appearance and other characters. At itswrorst 
it is a loose impalpable powdw, resembling putty powder as 
usually sold, and liable to manifold impurity. Usually this fortn 
is coherent in hard crusts and nodules, or it is more or less 
irregularly disseminated in quartz or other stony minerals. The 
name “Wood Tin” properly belongs to the hard crusts and 
nodules, but may be used for the other varieties. At its best 
cassiterite is gem-like, well crystallised, and has an excellent 
lustre; it is not far removed from pure oxide of tin in compo¬ 
sition : the crystal-building forces have rejected foreign materii^ 
The name cassiterite when strictly used is applied to the well- 
erystallised mineral, and to only so much of ^e rest as can be 
shown by chemical and phyrical tests to be identical with it; in 
this sense wood tin may be described as unformed oassiterite. 
The crystalline grains of ordinary tinstone and the coarser 
crystals may be described as imperfectly formed cassiterite, inas¬ 
much as the crystal-building forces bave been at work, but have 
pot succeeded in excluding foreign substances. 
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Mineralogists in defining cassiterite demand a specific gravity 
between 6.8 and 7.1 and a content of 95 per cent, or more of 
oxide of tin. A miner, looking for his ore underground, would 
nave in bis thoughts a material with from 85 to 9; per cent, of 
oxide of tin with a specific gravity from 6 to 6.8. A tin-dresser, 
who has to separate the oxide of tin from the rest of the ore as 
sent up by the miner, has a still broader view. The lower limits 
of the material as he conceives it would not be higher than 5 for 
the specific gravity and 65 per cent, for the content in oxide of 
tin. A critic, judging the eflioiency of various methods of saving 
oxide of tin from different ores, should bear in mind the proba- 
bility of the existence of material even poorer in tin and with a 
yet lower specific gravity. Kot all mines would produce such 
material, and those which did would not all produce it in quan¬ 
tities of equal importance. In each case its existence would need 
to be shown.* The application of the name cassiterite to such 
material is an extreme and unfortunate example of the use of 
this name for all native oxide^ tin. 

Tin ore as taken from the lode contains from i to 5 per cent, 
of cassiterite, and is mainly made up of quartz with clay, chlo'rite, 
felspar, tourmaline, and other stony minerals, together with more 
or less mispickel, pyrites, chalybite, copper pyrites, oxide of iron, 
and wolfram. The cassiterite has a specific gravity considerably 
higher than that of the vein-stufiT (2.5 to 3.0), and is concentrated 
by water on various appliances until the lighter materml is 
removed. The concentrate is then roasted to disintegrate the 
mispickel, chalybite, pyrites, and copper pyrites, which are for the 
most part converted to oxides of iron and copper; these oxides 
and the remaining stony matter aro for the most part removed 
by a subsequent washing. When the ore contains much wolfram 
a powerful magnet is employed for its separation. The concen¬ 
trated product is known as “Black Tin” when it is in such 
a condition that it can be sold to the smelter. It consists of 

* The tin collected by the vanning assay will be mnch less than that 
contained in the ora The black tin from the vanning assay mixed with 
fnsed lead chloride will separate into two or three fractions, as illustrated 
by the following example; a is the portion, lighter than the liquid, 
which collected at the top; h is the portion mixed with the lead chlo¬ 
ride, and therefore of the same density ae it; and r is the heavier portion 
which collected at the bottom. 

a 6 0 

Weight of fraction . .241 gram .061 gram ' 4S1 gram 

Weight of tin in it . .083 „ .036 „ .347 „ 

Similar oxpeclments, nsing a heavier liquid {lead bromide) and a llghtei 
one (lead chloride mixed with some sodium chloride), give further evidence 

aa Aa tViA rtaf.nM ftt t.YtA TnAfArfAl. 
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particles of cassiterite with particles of such other minerals as are 
heavy enough to be concentrated at the same time; it is sold 
with from 5 to 12 per cent, of water. The chief constituents of 
black tin are oxide of tin, silica, alumina, and oxide of iimi, 
together with arsenic, sulphur, copper, tungsten, titanium, 
tantalum, ibc., which are present for the most part as oxides; it 
may contain from ;o to 75 per cent, of tin. 

The black tin duos nut contain the whole of the tin which was 
present in the original ore. If the ore contained stannite, for 
instance, as far as practicable, this mineral would be rejected. 
In crushing the ore some of the cassiterite is reduced to an 
impalpable powder; this mixed with water forms a mud or slime 
which presents exceptional difficulty in its treatment. Suspended 
in clear water, the finest portion of this slime tin subsides with 
incredible slowness; and when mixed with tsio or three hundred 
times its weight of clay-like material its complete separation is a 
problem which has not yet lieen solved. The proportion of tin 
reduced to slime varies with two factors—namely, the method of 
crushing and the nature of the ore. 

From the point of view of the assayer, there are three distinct 
problems in connection with tin ores. The first and simplest is 
as to how much tin the ore contains; this can be answered only 
by a wet method of aasaying. The second is how much black tin 
(and of what quality) the ore yields on treatment by a method 
which imitates that of the ore-diessing plant of the mine; this 
demands a vanning assay, with a determination of the tin in the 
concentrate iw obtained by the vanner. The third is to explain 
any exceptional difference in these two results, and to assist in 
reducing that difierence in the actual operations on the dressing 
floors. 

The method of assaying ores in tin mines is still mainly, though 
not exclusively, that known as vanning; it is described in detail 
below. At its simplest, with no more elaborate apparatus than a 
shovel and a tub of water, a skilled man will separate the black 
tin from the sand in a very few minutes. Vanners are, as a rule, 
skilful men and show remarkable dexterity, more especially when 
the quantity of the black tin is being determined. The process 
leaves much to the judgment of the vanner; one man may work up 
a richer concentrate than another, and necessarily gets a smaller 
quantity. Different vanners, all good men, but accustomed to 
work with different qualities of black tin, will vary in • their 
results on a strange ore, probably for this reason. Nevertheless, 
duplicate assays are concordant, and in practice the returns from 
the dressing floors are in the long run in harmony with them. 

The method will probably continue in use, in spite of improved 
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wet methods of assaying for tin ; and a careful consideration of 
its merits and limitations is called for. With an ore in which 
the tin occurs as a granular cassiterite of moderately good quality 
a vannor will get results which will compare not unfavourably 
with those obtained by the older wet methods. For example, a 
vanner reported a sample of ore to yield 91 lbs. of black tin to the 
ton, and that the black tin contained 70 per cent, of tin. This 
was equivalent to 81 lbs. of oxide of tin to the ton. Two wet 
assays gave 80 lbs. and 84 lbs. of oxide of tin to the ton. To get 
such results the vanner must be allowed to do the finer crushing 
of the ore for himself. It would be easy to crush the ore so finely 
that a very large proportion of the cassiterite would be lost as 
.slime tin. 

There are ores in which some loss is apparently unavoidable, 
and with which vanners agree among themselves as to the 
amounts of black tin capable of being saved by their method. 
The following vanning results are of this kind. The figures in¬ 
dicate pounds of black tin to^e ton of ore. The result of wet 
assays on the same ores are given as pounds of metallic tin to the 


ton of ore. 

Vanning 

33-5 

36 s 

36-5 

39.0 

43.0 

43-5 

43-5 

Wet assay 

35-5 

37-5 

i 9 '° 

42.0 

42.0 

42.0 

42.0 

Vanning 

43-5 

45 '> • 

47-5 

5?-5 

52.0 

56.0 

70.0 

Wet assay 

46.0 

4 S -0 

31.0 

49 X> 

50.0 

60.0 

71.0 


It will be noted that the figures o'' the vanning assays cor¬ 
respond with those of the wet assays within a pound or two to 
the top. Tho vanner could only accomplish this by losing, say, 
30 per cent, of the tin contained in the ore, and he does it 
consistently on all tho samples. Other vanners working on the 
same ores would do it also. Ail the ores in this series were from 
the same mine. The following series, made on ores from another 
mine, will show that the nature of the ore is the decisive factor 
in determining the loss. The results are stated as before. 

Vanning 33.0 70.0 83.0 83.0 93.0 90.0 174.0 

Wet assay 23.0 48.0 55.0 50.5 57.0 57.O 114.0 

These seven results are selected out of thirteen as those is 

which the wet assay figures are about two-thirds of those on 

the vanning reports. Taking all thirds results, if the vanner lost 
no tin at all, his black tin must have contained at the lowest 60, 
an 4 at the highest 76 per cent, of the metal. It is dear that, 
any rule for calculating the wet result from the vanning one can 
have o.nly £ limited application. But the vanning assay seems'*to 
have a very imp&rtant use. This can he illusttated by the fd- 



Till. 


m 

owing facts. Six samples of ove by wot assay gave each a result' 
of 50 lbs. of metallic tin to tho ton; the vanning results on the 
same ores in poundn of black tin to the ton are respectively 
45 ) 46 'S) . 5 *) 57 ) 59 ) o-nd 83. The differences in the vanning 
results correspond with differences in the commercial value of the 
ores which are of the highest importance. As might be ex¬ 
pected, vanning is of little use in testing slimes and the tailings 
from the dressing-floors. 

The wet method of assaying tin ores was based on the behaviour 
of ca.“siterite to acids, in which' it resembled quartz and the most 
inert stony minerals. This fact allowed of the separation of 
mispickel, pyrites, wolfram, and other metalliferous minerals by 
treatment with aqua regia. Among the minerals of the insoluble 
residue oassiterite la distinguished by being reduced to metal at a 
dull red heat by hydrogen or coal gas. The metallic tin was easily 
dissolved by acids, and so separated from the stony minerals. 
From the solution the tin was separated by zinc or sulphuretted 
hydrogen. Tliis yielded metallic tin, or tin sulphide, which was 
converted into oxide by treatment with nitric acid, or by burning 
in air. The oxide of tin was weighed. The method, as a matter of 
fact, did give fairly good results, but it did not inspire confidence. 
The tin was not completely recovered, and there was always a 
doubt as to the purity of the oxide of tin. The method was in 
use at Bolcoath for some years, but it has nowhere won a position 
of acknowledged usefulness for the everyday purposes of a mine. 
Mr. E. T. Pear ce was the first to devise a really practical method, 
which gave results in fair agreement with those of the older one 
which it displaced. Half a gram of the tin ore is fused over a' 
bunsen with a stick of soda (NaHO) at a red heat in a nickel or iron 
dish. The fused mass, dissolved in hydrochloric add, givds a 
solution which, after treatment with metallic iron, is titrated 
with iodine. The whole of this can be done in one hour. TJnfortu- 
nately, half a gram of the ore-is too small a charge when dealing' 
with slimes and tailings from the dressing-floors, and these are 
exactly the materials for which a method is most wanted. The 
method described further on is an improvement on Mr. Pearce’s, 
inasmuch as it can deal with larger quantities. The ore is mixed 
with zinc and oxide of zinc and heat^ to redness; by this means 
the cBssiterite is reduced to metallic tin. ITie resulting mass is 
attacked by hydrochloric add with or without the help of an 
oxididng agent. In the latter case the liquor contains the tin ag 
stannous chloride and is ready for titration. In the former,' 
stannic chloride is formed, and this has to be reduced to stannous 
chloride by redudng with nickel. ’ The titration is done with 
iodine. The longer or complete process yields good results even 
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in the haiida of begititiers, and the shorter method is easy to work 
if the nickel is used with it. 

The method of assaying the black tin is a dry one, and consists 
of mixing it with “ culm,” and submitting it in a black-lead 
crucible to the highest temperature of a wind furnace. The 
sample is taken wet as it arrives at the smelting-house, and is 
assayed direct. The product of the assay is examined, and a 
deduction of a considerable percentage is very properly made for 
impurities, since the assay really determines the percentage, not 
merely of tin, but of the bodies present which are reducible at a 
white heat. The judgment as to how much is to be deducted is 
assisted partly by an examination of the metal got from the assay, 
and partly by the experience acquired in smelting similar W’es. 
The produce, which is that of the impure tin, is stated in parts 
in twenty; thus a produce of 14 is etiuivalcnt to 70 per cent., or 
to 14 owt. per ton. A fuller description of the method is given 
further on. It is still mainly, but not exclusively, used. The 
cyanide assay and wet method^ro also employed. 

MECHANICAL SEPARATION.--VANNINO. 

This proce-ss, which has already been reteri-ed to, is carried out 
OB follows :—After sampling the ore in the ordinary way, a quan¬ 
tity (varying with its richness) is weighed out. Special weights 
ore generally used. The standard weight, marked 200, weighs 
about an ounce; with poor ores this quantity is taken for an 
assay, but with richer ores 100 or even 50 is sufficient. The unit 
of weight has no special name, but the parts in 200 are spoken of 
as the produce; thus, if 200 of ore were taken and 9.5 of black 
tin were separated, the produce would be 9^: obviously half th« 
“ produce " will give the percentage. The weighed portion of the 
orp is placed on the vanning shovel. The vanner stands in front 
of a tub of water (kieve) and allows 30 or 40 c.c. of water to flow 
on to the ore. He then raises the shovel a little above the 
surface of the water, and, holding it nearly horizontal, briskly 
rotates the water by imparting to the shovel a slight ciicalar 
motion, passing into an elliptical one (front to back). This causes 
the finer mud to be suspended in the liquid, which is then run oflf, 
leaving the body of the ore in the centre of tho shovel. This is 
repeal until the water after stmding a moment is fairly clear. 
Amiut half as much water as before is brought on; then, with a 
‘motion which is similar to the previous one, but with a jerk added 
in one direction, the heavier minerals are thrown up, and the 
stony matterbrought back. The jerk is produced just as the wave 
(rf water is returning. The descending wave of water draws with 
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it the bulkier and lighter particles of the ore, whilst the heavier 
matter lying on the bottom is scarcely affected by it. The jerky 
motion, however, carrie.-! it to the front of the shovel. The lighter 
stud' is washed off, and the residue dried by holding the shovel 
over the furnace. It now corresponds, more or less, to the stuff 
which on the mine is sent to the calciner. It is swept from the 
shovel into a scoop, and transferred to a hot crucible; in which it 
is calcined until free from sulphur. Some vanners calcine their 
samples before commencing to van. The calcined ore is shaken 
out of the crucible on to 
the shovel; rubbed up with 
a hammer; and washed (as 
at first) to get rid of the 
finer and lighter “waste.” 

The separating motions are 
again gone through; and 
the “ head ” of the best of 
the black tin is thrown well 
up on one side of the shovel 
in the form of a crescent, so 
as toleaveroom on theshovel 
to work with the “tailings.” 

The quantity of water used 
is kept low, to prevent this “crop” tin fi’ora being washed 
back again. The tailings are then crashed to free the tin from 
adherent oxide of iron; and again washed to throw up the re-’ 
maining tin ore. As this tin is finely divided, it is more difficult 
to bring it up, so that a vigorous and rapid motion is ri quired. 
The tailings am now washed off, and the whole of the bikek tin 
is brought into the centre of the shovel. It requires two or three 
washings more to free it from the waste it contains. "Very small 
quantities of water are used. The purity of the black tin can be 
seen by its appearance on theshovel. The cleaned ore is dried as 
before, freed from particles of iron with the aid of a magnet, and 
weighed. The weighings are carried to |th of the unit used. 
Because of the variation in quality of the black tin, the material 
as taken from the balance should be jmwdered in a small mortar; 
mixed with a few grams of potassium cyanide, and fused as 
described under dry methods, p. 281. After melting, the charge 
should be allowed to cool in the crucible, and the button of tin must 
be got at by breaking. The tin must be weighed, and should be 
reported in pounds to the ton of ore originally treated. It would 
be yet better to powder the black tin, mix it with a gram of zinc 
oxide, and treat with sine vapour, Jus,, as described under wet 
methods, p. 285. 
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As an alternative to calcining in the method as described above, 
the ore may be swept from the shovel into a large porcelain dish 
and treated with 30 or 40 c.c. of hydrochloric ^d or aqua regia, 
according to the general nature of the impurities. After a short 
heating, the liquor should be diluted freely and decanted. After 
one or two washings by decantation the ore should be washed back 
on to the shovel and the vanning completed. 

To have* complete set of tools for all vanning purposes, it will 
be necessary to get the foUowiiig:—^A vanning shovel 14 inches 
long and 13 inches wide, weighing not over 2| pounds. It is 
made of hammered sheet iron of the shape shown in Pig. 57. It 
must have a light wooden handle (preferably of deal) 3 feet long. 
A bruisiug hammer, weighing 2J pounds, with a handle i foot 
long. A pair of tongs (furnace) aj feet long, made of j-ineb 
round iron. And a set of ordinary day crucibles for calcining. 
There ought to be two sets of scales and weights: the first should 
be confined to weighing the powdered tin stufl) and the second 
ought to be a much higher j|}ass one, for weighing the bliudc tin 
obtained. The furnace for roasting the sample should be 10 inches 
square and 12 inches deep, with the fire-bai* at the bottom three- 
quarters of an inch apart. The ’.rater-lwx for vanning in should 
be at least 4 feet long, 2 feet 6 inches wide, and 8 inches deep. 

DET METHODS. 

Cornish Method. Tin Ore Assay .—^The ore to be smelted or 
assayed should be concentrated to say not less than 50 per cent, 
of mejtallic tin; though to obtain satisfactory results it Aould be 
brought nearer 70 per cent., as with ore containing* less than 
40 to 50 per cent, of metal there will be a considerable loss both 
in the assaying and in the smelting. If the ore to be operated 
on does not contain this quantity of metal, then the sample 
(if coarse) must be reduced to a fine state, the gangue being 
removed % vanning, and the ore saved for the fire assay. 

The method adopted for the determination of tin in the ore 
is as follows:—About 2^ ounces troy (1200 grains, or about 
80 grams) of the ore to be assayed is weighed out and mixed 
on a flat copper pan (shaped with a long lip) with one-fifth 
of its wwght (240 grains, or 15.5 grams) , of powdered culm, 
(anthracite). The mixture of ore and culm is eitW transferred 
’ to a black-lead crucible before the latter is put into the furnace, 
or, as some prefer, it is carefully swept into.a crucible which has 
bebn imbedded in the fire. Some assayers cover theirs pots with 
a flat cover phmed loosely on, while others leave the mixture in 
the o))en pot. The furnace, which has been previously'fired to a 
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strong heat, is then covered, and the sample is subjected to a 
sharp fire for a period of from twelve to twenty minutes. No 
definite time can be srated, as, besides the strength of the fire, 
the quality and condition of the ore, and the impurities associated 
with it, greatly afi'ects the time required for the complete reduction 
of the ore. As soon as the mixture in the crucible has settled 
down to a uniform white heat, and any very slight ebullition 
which may have taken place has subsided, the crucible is gently 
shaken, removed from the fire (the culm-msh or slag which covers 
the metal being carefully drawn aside with an iron scraper), and 
the metal is poured quickly into an iron ingot-mould, which is 
usually placed on a copper pan to save the culm-slag and the 
adherent metal which comes out with it. The crucible is then 
carefully scraped, and the scrapings, together with the contents 
of the mould and pan, are transferred to a mortar. There the 
ingot of tin is freed from slag and then taken to the scales. The 
rest, after being finely powdered, -s passed through a sieve. The 
flattened particles of tin which remain on the sieve are weighed 
with the ingot (the lump, as it is called); whilst the siftings are 
vanned on a shovel, and (the slag being washed off) the fine tin is 
collected, dried, and weighed with the rest: the whole gives the 
produce or percentage of metal in the ore. The results of the 
assays are expressed in cwts. of metal in the ton of ore. The per¬ 
centage is rarely given and never used in Cornwall. Thus— 
"13^ Produce” wo^d mean that the assay yielded results at the 
rate of 13^ cwts. of metal for one ton of the ore. Some assayers 
use a little powdered fluor-spar to assist the fusion of refractory 
slags. A small quantity of borax will also occasionally; be of 
service for ores containing silica in excess of any iron that may 
be present. The borax renders the slag more fusible, and assists 
the formation of a larger lump (with less fine tin in the slag) than 
would be obtained by the use of culm alone. 

The quality and the percentage of pure tin in the metal will 
vary considerably, according to the impurities that are associated 
with the ore to be assayed. 

The crude lump is then remelted in a small iron ladle at as low 
& temperature as possible, and the fused metal is poured into a 
shallow trench about 4 inches long by j of an inch wide cut in a 
block of white marble. The metal will be silvery-white if the 
temperature employed be correct; if too hot, the surface will show 
a yellow, red, or blue colour (according to the heat employed); in 
such case the metal should be remelt^ at a lower temperature. 
If the metal on cooling remains perfectly dear and bright, then 
it may be assumed that the tin is of good quality and commercially 
pure. A crystallised or frosted appearance of the metal indicates 
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the presence of some alloy, say of iron, copper, ainc, lead, antimony, 
&o. The assayer who has had much practice can readily distin¬ 
guish the metal or metals that are associated with the ore by 
noting the appearance of the tin on cooling; and can fairly judge 
the quantity of impurity present by the amount of the crystallisa¬ 
tion or stain. 

Cyanide Method.—This; like the Cornish assay, is only applic¬ 
able to concentrated ore, and shares with it the merit of showing 
the tin as metal. A black tin with 70 per cent, of tin yields a 
button of metal of good shape and of fair quality, though not 
pure. A sample with from 50 to 60 per cent, of tin may yield 
merely a metallic mass, or a badly shaped button or a button of 
fair quality, according to the quality and quantity of the im¬ 
purities. In the examination of a sample of black tin these 
deferences may be worth noting. 

To obtain a metal of' better quality, it is usual to clean the 
black tin by an acid treatment of more or less thoroughness, ac¬ 
cording to the character of ^e material. For example, 20 grams 
of the ore are treated in an evapoiuting dish with 30 0.0. of hydro¬ 
chloric acid, and kept near boiling for ten or fifteen minutes; 
then 5 c.c. cd nitric acid are added and the boiling continued for 
a short time. Or 30 c.c. of dilute nitric acid may be added in the 
first place and gently evaporated; and the residue is digested 
with much strong hydrochloric acid for half an hour or more. 
Or, again, a very prolonged attack with aqua regia may be called 
for, In each case at the finish water is added and the liquor is 
filtered. The bulk of the black tin after washing may be dried in 
the djsh. The filter paper is dried and burnt, and its ash added to 
the black tin; or all the black tin is got on to the filter and 
dried; in which case it is burnt, paper and all, in the crucible in 
which the fusion is to be made. 

There are many black tins which yield poor metal even after 
such treatment. With these, charges of 5 grams may be fused 
with, say, 15 grams of dry bisulphate of potash in a 3-inch Berlin 
dish over a good Bunsen flame. The fused stufi' is boiled out 
with water, filtered, and washed. If wolfram was present, the last 
waihings should contain dilute ammonia. The subsequent work 
is the same as previously described. 

The acid liquors may contain some tin; for, although well- 
formed cassiterite is not at all attacked, one cannot be sure that 
the imperfect, and what 1 have called unformed, cassiterite will in 
all cases have equal powers of resisiance. .Moreover, some stan-. 
nite may be present, more especially in slime tin, and the whole 
of it would be dissolved. Then, again, the presence of other tin¬ 
carrying minerals in small quantity is by no means improbable. 



With fused bisulphate of poUish cassiterite itself is slightly 
attacked, and a few milligrams of tin will always go into solution; 
if the temperature of the fusion has been too high, the quantity 
of tin going into solution will be more considerable. To recover 
the tin in solution nearly neutralise the liquor with ammonia; 
pass sulphuretted hydrogen; filter, getting alt the precipitate on 
the paper without washing; burn the filter paper, with a small 
lump of ammonium carbonate, in the ci-ucible in which the fusion 
is to be made. 

The potassium cyanide used must be of the best quality, and 
well kept. It must be finely powdered, but the powdering should 
be done as it is wanted: care must be taken when doing this, as 
the salt is dangerous. It is usual to take twice as much cyanide 
as ore; but with smalt quantities of ore sufficient must be taken to 
form a workable quantity of slag. With 20 grams of black tin 
(which must be in very fine powder) you must mix 20 grams of 
potassium cyanide, and reserve'another 20 grams: of this last 
some may be put at the bottom of the crucible (E. Battersea); in 
which case the mixed ore and cyanide is next added; and finally 
the rest is used to clean up the mortar, and is added to the charge 
as a cover. 

The furnace into which the crucible is to be placed must be at 
a dull red heat. Potassium cyanide melts at a low heat to a 
watery liquid, which immediately attacks the oxide of tin * and 
other metallic oxides, reducing them to metal. The metallic tin 
falls to the bottom of the crucible as a black mud, which also 
contains the silica and alumina of the black tin. To collect the 
tin into globules and ultimately into one button a much stronger 
heat is required. If iron is present the tin alloys with it and 
becomes less easy to collect in one button. The earthy mattei*, 
too, is a cause of trouble. The furnace then must be so worked 
that it shall rapidly become hotter. This causes a fierce efferves¬ 
cence in the slag, which is now a mixture of potassium cyanide 
and cyanate. There is a great difference in practice as to the 
length of time during which the charge is subjected to this 
greater heat. Some leave it for half an hour, but it is more usual 
to remove the crucible from the furnace very soon after it has 
attained its full heat. The whole fusion takes ten minutes. The 
crucible is tapped vigorously, and its contents are poured into a 
mould, which should be standing in a shovel or tray. When 
cold, the stuff should be placed bottom up under a tap of running 
water close by a sink, so that the slag may dissolve, and the solu¬ 
tion may be no so\px:e of danger. Very soon the button of un 
may be picked off, washed, dried, and weighed. The suggestion 
• 8nO,+ 2 KCN=Sn+ 2 KCNO. 
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which has been made that the button should be dropped into a 
crucible with melted borax, or that it should be melted in a ladle 
under palm oil, is a good one.* 

The proportion of metal obtained compared with that of the 
tin contained in the ore will be high or low according to circum¬ 
stances. The slag carries tin, and consequently there is always a 
loss. On the other hand, the button always carries iron, to say 
nothing of other metals, and the gain in weight from this cause 
may (and often does) more than compensate for the loss of tin! 
For example, a sample of black tin,showing 69.5 per cent, of tin 
by wet assay showed an average result by cyanide assay of 68^5 
per cent., in spile of the fact that the average loss in the cyanide 
assays was nearly 3 per cent. Mr. Parry • in a report dn-nine- 
teen samples gives the losses of tin in the cyanide assays as from 
.5 to 2.9 per cent., with an average loss of 1.5 per cent.; in spite 
of which the cyanide A'esults were higher in five cases out of nine¬ 
teen than those of the wet assays. 

METHODS. 

Cassiterite is not dissolved by hydrochloric add, nitric acid, 
hot strong sulphuric acid, or aqua regia. It is only slightly 
attacked by fused bisulphate of potash. In some of these respects 
it is more inert than artificial oxide of tin, which is attacked by 
sulphuric acid and the Bisulphate.' It is possible that some native 
oxide of tin may be less resistant than the fully formed mineral 
Oassiterite is attacked freely at a red ,heat by sodium hydrate,t 
with a brisk evolution of steam; sodium stannate is formed whi^ 
is spluble in water. Sodium carbonate under the same conditions 
is inefiective. 

Oassiterite may be reduced to metallic tin by the following 
methods:—Heating to dull redness in carbonic oxide, hydrogen or 
c<^ gas; heating to high temperatures with carbon; heating 
with finely divided magnesium or aluminium (the reaction with 
these metals is violent); heating in zinc vapour; fusing with 
potassium cyanide; contact with zinc which is being dissolved by - 
dilute add. 

• Metallio Tin dissolves in hot strong hydrochloric add. The 
product of the reaction is stannous chloride, SnOl,, 'The reaction 
is slow, and it is of great advantage to have the tin thin or finel y 
divided. Metallic tin is dissolved quickly by aqua regia j the 
solution contains stannic chloride, SnCl,. Chlorine Water or »' 
mixture of hydrochloric acid and permanganate of potash all^ 
attack tin, forming stannic chloride. , ■. (.> 

* ' • The Amy of Tin and Antimony, L Patrr. 

t 2lfaHO+SnO,=Na.3nO.+H.O. 
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Kibric acid dilated with an equal volame of water will dissolve 
tin in the cold, forming stannic nitrate. On boiling, this is decom¬ 
posed and an insoluble white precipitate is formed, which is 
metastannic acid. With yet more dilute nitric acid the tin 
dissolves in the cold and the solution contains stannous nitrate. 
Fuming nitric acid is without action; and the acid of ordinary 
strength gives a precipitate of stannic nitrate. To convert tin to 
metastannic acid it is best to put strong acid on the metal and 
add water slowly until the attack begins; as it becomes slow, 
warm and add boiling water; evaporate nearly to dryness, take up 
with boiling water, and filter. On ignition the prempitate yields 
stannic oxide. This is a much-us^ method fop concentrating 
tin, separating it from many metals; and it leaves it in a weigh- 
able form. 

Stannio Chloride, SnCl,, is a colourless fuming liquid, boiling 
at ii+° 0 . It combines with water to form colourless crystals, 
SnOL 511,0. A strong solution on boiling loses much stannic 
chlonde with the steam; with dilute solutions there is less loss. 
Solutions of stannic chloride should not be evaporated. In dilute 
solutions it is in part decomposed into stannic hydrate and 
hydrochloric acid;* the hydrate passes into metastannic acid. 
Hydrochloric acid prevents this decomposition; and when 
in excess it combines with stannic chloride, forming chloro- 
stannic acid.t Similarly sodium chloride may form sodium 
chlorostannate. 

Stannous Chloride, Sn 01 „ is volatile; but as it boils at a little 
over 600“ C). its solutions may be evaporated with safety. It is 
a quick and powerful reducing agent, and may be determined 
easily by titration with any of the oxidising standard solutions. 
The liability to error in these titrations is due to its excellence as 
a reducing agent, and more than ordinary care must be used in 
excluding all chance of subsidiary oxidation. 

Separation.—If the tin is present in an alloy, the substance is 
boiled in an evaporating dish with dilate nitric arid until the whole 
of the material is attacked. Evaporate nearly to dryness, dilute, 
■;.boil for a few minutes, and filter off the white insoluble residue. 
Under certain circumstances this residue will be nearly free from 
other metals, in which case it is ignited and weighed. But if, as 
js generally the case, there is a doubt as to its purity, it should 
he reduced to metal by heating to redness for half an hour in a 
mwrent of coal gas. The oxide of tin is placed in a noroelais 

* 8n01,+4H,O=Sn(H0)4+4H0L 
t aHOl +SnOI,siH,8oClr 
zNaOl +SnOI, K NagSoClt. 
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boat (Fig. 58), which is then introduced into a piece of combustion 
tube. The latter, wrapped in a piece of wire gauze, is supported 


Fra. 58. 

on a couple of iron rings, and heated by one or two Bunsen 
burners in a furnace fitted up with loose fire-brick tiles, as shown 
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in Fig. 59. Wlien the reaction is complete the tube is allowed 
to cool; the boat is removed and the tin examined. 

Solutions of tin chloride containing salts of antimony and other 
metals can be made to yield the tin in purer form by the following 
treatment. The solution is made acid with hydrochloric acid and 
treated with metallic iron as in the process for reducing stannle 
chloride to stannous chloride by that metal. The liquor must be 
filtered; it should be made acid and warmed. Some zinc i.s 
added; this precipitates tin as a spongy mass. The completion 
of the reaction may be recognised by te.sling some of the liquor 
with sulphuretted hydrogen. The tin, with some residual zinc, 
can be separated from the liquor 1^ decantation, and the washing 
can be done by the same method. The residual zinc, may be 
picked out, but care must be taken to wash back any adhering 
tin. The tin may be converted to metastannic acid by treatment 
with nitric acid, in which case it will be subsequently weighed 
as oxide; or it can be dissolved in hydrochloric acid and titrated 
with iodine just as in standardising. 

OBAVIMETEIC METHOD. 

Metastannic acid is obtained by treating the metal with nitrio 
acid, as already described. Wash with hot water, dry, transfer 
to a weighed porcelain crucible; burn the paper, add its ash to 
the contents of the crucible, ignite strongly, cool, and yeigh; 
The substance is stannic oxide, SnO,, and should contain yS.y. 
per cents of tin. 

Stannic sulphide, SnS,, obtained by passing sulphuretted hydro- 




gen through a slightly acid solution of stannic chloride, is filtered 
off, and washed with sulphuretted hydrogen water. The paper 
with the precipitate is dried, placed in a weighed porcelain cru¬ 
cible, and burat very gently with free access of air. When the 
carbon li.\s burnt away the residue is ignited more strongly. It 
is cooled and weighed. The substance is stannic oxide. 

VOIiXIMETEIC METHOD. 

All the ordinary oxidising solutions are capable of being used 
for the volumetric determination of stiinnous chloride; standard 
solutions of bichromate of potash, permanganate of potash, ferric 
chloride and iodine are chief among those which are recommended. 
Stannous chloride is so active that the finishing-point with per- 
maganate of potash or iodine is exceptionally well marked. 

To get the most accurate results, the titrations should be made 
In the absence of air. Concordant results may be obtained with¬ 
out this precaution, but with a loss in confidence and precision. 
In practice an assay liquor nearly ready for titration is in an 
air-free condition, and it costs practically nothing to preserve it 
in this state. If this precaution is taken, the titration with iodine 
is an exact and convenient process for determining tin, and is 
superior to the alternative methods. 

A complete process applicable to a tin ore comprises the fol¬ 
lowing operations:—Preparation of the ore; reduction of the 
cassiterite to metallic tin; dissolving the tin to a solution of 
stannic chloride; reduction of the stiinuic chloride to stannous 
chloride; titration with iodine. These operations are descrit)ed 
in the following account of the actual work on four charges of a 
sample of black tin. 

Preparation of the Ore.—The ore was black tin of good 
quality. To keep the titration within the limits of a 50 c.q. 
burette, it was derided to use charges of .3 gram. The ore was 
finely powdered in an agate mortar. The weighing was made to 
the nearest tenth of a milligram on the pan of a cheap Becker’s 
bullion balance; an ordinary balance would have taken longer to 
do the weighing. A Berlin crucible (Oa, 15 c.c. capacity), 1} 
grams of zinc oxide, and 4 grams of sheet zinc cut into small pieces 
had been previously provided. A little of the zinc oxide was put 
in the crucible to cover the bottom; and most of the zinc was 
placed loosely on this. About half the remaining zinc oxide was 
put in an agate mortar, and the black tin from the pan of the 
balance was emptied on to this. The cleaning of the pan was made 
with some of the remaining zinc oxide. The ore and oxide were 
then mixed and swept into the crucible on to the zinc. The mortar 
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was cleaned with the rest of the zinc oxide, which was added to 
the crucible with the remaining zinc. All this care was needed 
because the assay was being m^e on a small charge of rich ore. 

Bednction of the Oassiteiite to Tin.—Before weighing up the 
ore a Bunsen furnace had been lit. This had been extemporised 
out of a G crucible and a dozen square slabs of asbestos, as shown 
in the illustration on the next page. It was heated by a large 
Bunsen burner, with 1.5 cm. tube. A muffle furnace can be used 
in its place, provided the heat be kept below the melting-point 
of silver, and some pieces of charcoal are burning in it to prevent 
an'Oxidising atmosphere. The crucible was placed in the furnace, 
and the crucible lid fitted on upside down. The ring of the lid 
had previously been knocked off so that it should not reach down 
into the charge. The assay was left in the furnace for ten minutes, 
during which time the next charge was made ready. 

DisBOlTiug the Tin,—The crucible was lifted out by grasping 
the lid with tongs; a slight ring of oxide of zinc had formed, and 
it gave eufficient adhesion. Jftwas allowed to cool for ten minutes. 
Daring this time the second charge was in the furnace, and the 
preparation of the third and fourth charges was complete. 

There were provided an 8-ounce flask, a funnel with a wide and 
very short neck, a 3-inch evaporating dish, an acid measure with 
50 0.0. of strong hydroehloric add, and about a gram of per¬ 
manganate of potash crystals. The crucible lid came off easily 
when pressed with the blade of a knife; it was placed in the dish 
with about 10 c.c. of the add. The lump in the crudble was 
crushed gently with a rounded glaps rod and transferred through 
the 'unnel into the flask; the rod was used to press through the 
lumps and then placed in the dish. The crucible was partly filled 
with add,whicb was emptied into the funnel, and this was repeated. 
The final cleaning of the crudble was effected in the dish along 
vdth the lid and the rod.' The remainder of the add was added 
to the contents of the flask. As soon as the effervescence became 
sluggish the flask was placed on a sand-bath, where it was heated 
to boiling. By this time the second charge was cool enough for 
siaailar treatment; the replacing of the charges in the furnace 
also required a little attention. The flask, which was withdrawn 
from the heat when it began to boil, had cooled .considerably, 
permanganate crystals were dropp^ into it steadily nntil then 
was abundant evidence of chlorine; a crystal or two were ptA 
in the omcible in the basin at the same time. Once or twice, 'hi- 
the evidence of chlorine weakened, a few more crystds were ^dSd 
to-the Sssk. , This was done whilst the second diarge was behqf 
treated. The dating with chlorine liquor was oontinned for 
ten minutes. crucible, rod, and lid were removed and washsdi 
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and the washings run back into the basin. The contents of the 
basin were run into the ilask, as also were the washings of the 
basin. 

Eeduotion to Stannous Chloride.—A crucibleful of common 
salt, about 15 grams, was added tu the Ilask, and this was followed 
by hot water to bring the bulk up to about 150 c.c. The assay 
was then placed on a sand-bath and brought rapidly to boiling. 

A piece of nickel foil 20 cm. long by 5 cm. wide had b^n 
coiled on itself to form a cylinder which would pass comfortably 
through the neck of the flask. A glass rod 25 cm. long bad been 
softened before the blowpipe and pressed into a knob; this rod, 
passed through the coil, served as a holder for it. A cork rather 
too large for the flask had been bored and placed on the rod, along 
which it could be moved, but not easily. The detail inserted in 
the upper figure on page 287 explains the nickel coil; and the 
flask on the left illustrates it in use. The rest of the figure 
shows the assay cooling in an atmosphere of carbonic acid. 

When the assay solution xsts nearly boiling the nickel coil was 
let down gently so that the'knoh of the rod rested on the bottom 
of the flask; whilst the cork obstructed the mouth of the fla.sk 
without closing it. A brisk eflsrvescence on the nickel set up 
almost at once, and in a minute or so the solution became 
colourless. Some brown manganese stains on the neck of the 
flask were removed by raising the nickel and touching them with 
it. The heat was maintain^ at such a point that there was a 
sfeady boiling, but with as little evaporation of the liquor as was 
compatible with this temperature. The action of the nickel was 
conj^inued for half an hour, and it required little or no attention. 
Five minutes later the second charge was also being reduced. 
The third charge was being treated with acid. By the end of the 
half-hour the third and fourth assivys were ready for the nickels. 

When the first assay had been boiling half an hour the gas 
flame was turned on full so as to increase the rate of boiling; the 
nickel was drawn up into the neck of the flask and washed with 
water which had been boiling a minute or so before. The 
nickel was placed at once in the third assay liquor. The neck of 
tbS flask was closed at once with a cork having a short eduction 
tube bent at right angles; and a heavy lead collar was slipped 
over the neck of the flask. A rapid jet of steam was issuing from 
the eduction tube. A small Kipp carbonic acid apparatus was 
ready at the side; it had a rubber tube long enough to reach the 
flask, and of a size to fit on to the eduction tube without delay. 
When it was judged that all air had been blown out of the flask 
by the steam the tap of the Kipp was opened, and the tube with 
a jet of oarbonio add issuing from it was slipped over the eduction 
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tube. For a short time tlie Utisk was sending steam into the 
Kipp; it was then lifted fioni the sand bath and placed in a 
basin of cold water. Fi\e minutes later the second assay was 
himilaiiy cooling in an atmosphere of carbonic acid and the fourth 
was heing reduced hy nickel. 

The llask was rcinovcd twice into fresh basins of cold water. 
The cooling t(X)k from ten to'lifteen minutes. At the end the 
flask was agiUitud in order to saturate the liquor with carbonic 
acid. 

Titration with Iodine.—A 50 c.c. burette was filled with a 
solution of iodine which had been prepared of such strength that 
100 C.C. would bo used up by .5 gram of tin in solution. The 
.3 gram chtirge of black tin, therefore, would use up from 36 to 
45 c.c. if it contained from 60 to 75 per cent, of tin. 

Thu flask with the assay liquor was removed from the basin 
and disconnected from the Kipp; the cork was not taken out 
until it wins under the buiette. 35 c.c. of the iodine solution 
were run in quickly, and then gently mixed with the liquor; it 
was bleached immediately. A few c.c. of starch solution were 
added, and the addition of the iodine solution was resumed. 
Several drops were used at a time until the blue colour which was 
momentarily formed ble.ached less quickly, then one drop at a 
time; and soon a full blue colour, pereistent throughout the whole 
solution, showed the titration to be finished. The reading was 
41.8 C.C. The other titrations followed in steady sequence with 
results 41.7, 41.6, and 41.7 c.c., the mean result corresponding to 
69.5 per cent, of tin. The time taken in working the four assays 
was ahout two and a half .hours. 

Notes on the Method.—The use of the oxide of zinc is essSntial 
with the richer materi.ils, and an equal amount of finely-powdered 
quartz may not bo safely substituted for it, as is shown by the 
following experiments. Six assays were made with .4-gcam charges 
of liluck tin of poor ipiality, using oxide of zinc, with results ranging 
from 52.25 to 52.35 per cent, of tin; four assays, using qviartz 
instead of oxide of zinc, gave results ranging from 49.2 to 51.8 
per cent. In the dwe of ores .as raised from the mine and with 
tailings and slimes, it prevents completely the baking to a brick 
which does not disintegrate well when treated with acid. It 
makes even such fusible material ns tin slags amenable to the 
method. The dealers succeed in supplying zinc and zinc oxide 
with tin in it, but the impurity is inexcusable. The oidinary 
metal of commerce and the ordinary zinc oxide will serve for this 
purpose. Test them by dissolving 10 grams of each in hydro¬ 
chloric acid. Use 50 c.c. of acid and proceed exactly as in an 
assay, omitting only the furnace treatment. The firat drop of 
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iodine, or at most the second, should give the blue colour. Zinc 
dust is very convenient in that it facilitates the mixing, but 
ordinary sheet zinc from an ironmonger will do. There is no 
need to vary the quantity of zinc used when assaying different 
ores. 

Air must be excluded from the assay liquor before and during 
titration. Experienced workers no longer tolerate its presence. 
The reaction of the stannous chloride with iodine stimulates the 
oxygen dissolved from the air* to a quick co-operation in the 
production of a stannic salt, so that notably less iodine is used. 
An atmo.sphere of carbonic acid is conveniently obtained by 
dropping in a piece of marble, or, as just described, with a small 
Kipp apparatus, which coats only a few shillings and uses up little 
acid if the work is done as directed. With'the larger quantities 
of tin let the iodine solution flow in gently, so that it rests on the 
assay liquor under carbonic acid and in quantity sufiicient to very 
nearly complete the titration, and work so as not to throw the 
carbonic acid out of the fla^' until you are quite near the end. 
With ordinary mine materials, ores and tailings, work as if you 
were quite near the end when you begin. 

In dissolving the tin from the charge after treatment in the 
furnace, the work has become simpler because of the efficiency of 
the zinc oxide. With two or three grams of ore or tailings con¬ 
sisting mainly of silica the amd should be poured on freely to avoid 
clots. There is no need to filter off undissolved silica, as even four 
or five grams of it will cause no trouble in subsequent operations. 
If the ore contains arsenic the hydrogen which comes off on adding 
bydrychloric acid is very dangerous. If mispickel is known to be 
present it is wise to dissolve it out. When working ores systema¬ 
tically the extra labour of treating with acid is trifling; though, 
of course, there will be a larger number of assays in hand at a 
given time. A chlorine attack, as described at the bottom of 
p. 286, is needed very rarely; it is used when testing ores from 
unknown sources and for purposes of instruction. A learner must 
know bow to deal with a stannic liquor. 

The use of niokel for reducing stannic to stannous chloride is 
verf satisfactory. The conditions required are; free acid equiva¬ 
lent to 20 or 30 c.o. of strong hydroworic acid, and a tempera¬ 
ture quite up to boiling. The speed of the action falls off rapidly 
as the temperature falls, and is practically nothing in cold sohi- 
tions. With not enough acid in the liquor an addition of common 
salt appreciably quickens the reduction. A.particular nickel coil 
may work badly because it is new or oily or because it has become 

♦ 8 a 0 !, + aHOl -b0-Sn0l4+H, 0 . 



foul with precipitated metals. Boiling it in an acid solution of 
ferric chloride is a good remedy. A nickel coil working as 
described is in fair condition if it reduces nine-tenths of the 
stannic chloride in the course of five minutes. To test this, make 
a solution of stannic chloride with .5 gram of tin to tho 100 c.c. 
Take an 8-ounce flask with 30 c.c. of hydrochloric acid and 15 
grama of salt. Add water to make up the bulk to ijo c.c. after 
adding 10 or 20 c.c. of the tin solution from a burette. Tint 
with a little ferric chloride, and proceed exactly as in assaying; 
stop the action by removing the nickel five minutes after the 
bleaching of the ferric chloride. If 10 0.0. of tin solution wore 
taken, at least 9 c.c. of iodine should be used up in the titration. 
With the poorer ores,the treatment with nickel should only last 
twenty minutes, counting from the bleaching of the liquor. The 
nickel is used in all cases, but the period of boiling is shortened 
to ten minutes when the chlorine attack is omitted. 

The Furnace.—On a mine where Bunsen burners are not 
available a Vesuvius lamp for petroleum with a vertical burner 
and of 1000 c.c. capacity works quite well. In what follows all 
the dimensions are given in centimetres. The lamp gives a flame 
about 20 cm. high and about 3 cm. wide at the base. The furnace 
for it can be made from a toWco tin, 10 to 15 cm. high and 10 
cm. in diameter. The bottom should be taken off or a central 
hole 6 cm. in diameter should be cut in it. At 4 cm. from the 
top and at equal distances round the tin three holes should be 
punched to take round nails or screws which serve to support the 
crucible. The tin is lined with asbestos by packing wet asbestos 
pulp around a wood cylinder 6 cm. in diameter which may |aper 
slightly: the cylinder is loosened by rotating it and then with¬ 
drawn. When much of the water has dried off, the cylinder is 
replaced, some more asbestos packed in to make the lining more 
compact. Holes are then made for the nails or screws; these 
should be fixed so as to project about i cm. into the tube beyond 
the lining. Each nail is capped by a pellet of asbestos pulp; the 
pellet is pressed on wet and shaped with the fingers. The re¬ 
placing of an asbestos cap gives very little trouble; wetting the 
nail with sodium silicate is an advantage. The furnace is dried 
slowly. The flame of the Vesuvius lamp plays up the cylinder 
upon the crucible. The furnace is improved by an increase of 
the height above the crucible by 4 or 5 cm., but this should be 
separate for convenience in getting at the crucible. We use a 
square block of asbestos slabs from the other type of furnace; 
the squareness is convenient. 

The same furnace will do with ,an ordinary Bunsen burner. 
The draught must be ebecked by constricting the openings. A 
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slab w\th a 3 cm. hole may be fixed at the bottom; and a loose 
slab witli a 3 to 4 cm. hole makes the top of the crucible hotter 
when it is placed over the furnace as a cover. In the laboratory 
a furnace like that shown in the lower figure on page 287 is very 
steady and efficient. The Bunsen burner now used is an ordinary 
one with a i cm. tube the flame of which is about 20 cm. high. The 
lower asbestos lined tube is about 13 cm. high and the internal 
diameter tapers from 3 to 4 cm. Tlie block on the tup is made 
of slabs of asbestos 16 cm. square built one on the other to a 
thickness of about 5 cm. They are held together by 3 clamps 
of hoop iron ; the clamps may be U shaped, but serve longer if the 
bends are square. The central liole is cylindrical or slightly 
tapering and from 5 to 6 cm. in diameter. Instead of the pipe¬ 
clay triangle as shown in the dr.awing, a thin sheet of metal about 
15 cm. squai-e with a 7 cm. hole in it is jiliiced between the i-ccond 
and third slabs of asbestos counting upwards. This holds 3 pieces 
of stout knitting needle which project radially for about i cm. 
into the furnace and are called witli asliestos. 

Preparation of the Ore.—Tlie samples from the ore-dressing 
plant are already crushed so that the coarsest of them is a saud: 
those from the mine .are crushed by a .small machine to the same 
condition in a few minutes. The drying of the wet samples takes 
longer. About 400 grams of dried and mixed sample are jiassed 
through a disc grinder. This is triinsfeired to a large i2-inch 
mortar, mixed and rapidly halved; the mixing is continued, and 
a half rapidly transferred to an ordinary 6-inch Wedgwood mortar. 
Here the mixing and halving is continued until only 7 or 8 
grams remain. This is rubbed to a liner powder, halved, and 
reground until the material uniformly adheres to the mortar. 
The powder is swept out to a numbered holder aud taken to the 
balance. 

The concentrates containing fiom 20 to 70 per cent, of tin are 
prepared apart in a separate room. They are in the form of a 
fine sand or a coarse powder. The diii d samplo is mixed and to 
some extent ground in an oidinary Wedgwood mortar. It is 
halved at intervals until about 7 or 8 grams of it remain and this 
is ground very finely. All but about one and a half grams of it 
are swept out and the grinding is continued to get tlie powder 
grit free : towards the finish it adheres uniformly to the mortar. 
The powder is swept out to a numbered holder and taken to the 
balance. 

A preliminary cleaning with acids, except with mispickel in the 
ore,.i8 rarely or never needed. Like the chlorine attack it is used 
for purposes of confirmation or instruction. Practically nil the 
assays are made on the raw ore. 
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With ores and tailings a charge of 2240 milligrams is used when 
the report is given in pounds in the legal ton ; and 2000 milligrams 
are taken when the short ton is used. With these the strength 
of the iodine is such that i c.c. of it represents 5 milligrams of 
tin and consequently 5 lb. of tin to the ton. The concentrate 
assay with such work would have 500 milligrams as the charge 
and each c.c. of iodine represents one per cent of tin. 

On the other hand, where the assay of rich concentrate is a 
more important jiart of the work the solution of iodine is made 
twice this strength and a charge of looo milligrams is taken. 

Standard Solution of Iodine.—Weigh up 10.67 grams of 
iodine and 25 grams of potassium iodide for each litre of solution 
to be prepared. Place in a huge beaker; pour on a little water, 
and allow to stand fur some time. Pour oil' the solution, add a 
little more potassium iodide to complete the solution of the iodine. 
Dilute to the reijuired volume. 

Solution of Starch.—Make 5 grams of starch into a thin 
paste with a little water: pour it. into 200 c.c. of boiling water. 

Standardising Solution of Iodine.—^Woigh up accurately 
about .2 grain of pure tin in foil or filings. Put it into an 8-ounce 
flash ; add 40 c.c. of hydrochloride acid, and heat to gentle boiling 
till dissolved; dilute with water, and reduce with nickel; ten 
minutes treatment with the nickel will do. 

Assay of a Concentrate.—Weigh accurately 500 milligrams 
of the tincly-powdered concentrate and transfer to a Berlin 
crucible (On or 0 ) already containing 1 gram of nine oxide ; add 
5 grama of zinc dust; these are estimated roughly by measure; 
complete the transfer by bru.shing in with a little more zinc oxide: 
the crucible should be standing on a clock glass. Mix by stirring 
with a glass rod. Place the crucible on a neighbouring clock 
glass; clean the brush and first clock glass and rod by dusting 
with some more zinc oxide and sweep into the crucible as a cover: 
everything should be dry and may be warm with advantage. 

Put the crucible in an already heated furnace: put on the cover 
which should be hot also; leave for 15 minutes. If the crucible 
adhci’es slightly to the supports detach it by a sideways pressure 
so as not to pull off the cover: lift the crucible out and allow to 
cool for 10 minutes. If there is some soot it nmy be brushed 
off with a tooth brush. A gentle tap upwards will loosen the 
cover if it is in the usual position and pressure with the edge of 
a knife will do it when inverted. Place the cover in a 4-inch 
dish and pour on 40 or 50 c.c. of hydrochloric acid. The charge 
oontiuning nearly all the tin may be transferred to an 8-ounce flask 
through a diy funnel with a short cut-off wide nock: the crucible 
may be cleaned with a knitting needle and some oxide of zinc: 
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the funnel, needle and brush are cleaned by dusting with oxide 
of einc into the flask. The crucible is placed in the dish of acid 
with the cover. In about five minutes the buttons of zinc are 
dissolved; the crucible and cover are lifted out and washed with 
more acid daring the operation. The acid is then poured into the 
flask (not through the funnel) and some more acid used <J) awash; 
about 70 or 80 c.c. of acid may be used altogether. When the 
pieces of zinc have di.ssolved the acid is heated to boiling, and the 
boiling is continued gently for about five minutes; in appearance 
this should dissolve up everything; there should be no trace of 
cmssiterite which has escaped attack on the bottom of the flask. 
Dilute with hot water to about 150 c.c.; insert a nickel coil and 
boil briskly for 10 minutes. Then takeout the nickel whilst the 
boiling continues; wash with hot boiled water, b^inning at the 
top of the rod whilst raising it: give three or four small washes 
whilst the nickel is in the neck of the flask. Close the flask with 
a well-fitting cork with eduction tube. Put on a lead collar. 
The steam should come br^lyfrom the eduction tube. O^n 
the tap of the Kipp, at once shut off the carbonic acid by squeezing 
the rubber with the fingers; press the flask by the cork gently 
on to the plate on which it is boiling and bring the rubber 
connection of the Kipp over the eduction tube, letting the 
carbonic acid stream out .on to the steam which it condenses. 
Lift the flask off the plate and place it in a trough of water where 
it may be left for the cooling. 

This connecting with a E^pp is easy and quick and gives the 
worker a free interval between the boiling and the titration which 
may be very useful The alternative is to withdraw the flask, 
inserC a small lump of marble, and cool quickly by hand under 
the tap and titrate immediately. 

When cold, the rubber from the Kipp is disconnected from the 
eduction tube and the still closed flask taken to the burette which 
should be ready for the titration. If similar material gave assays 
varying from 62 to 72 per cent, then 60 c.c, of the i^ine would 
be run in at once. To avoid an error due to the liquor damping 
the sides of the burette the iodine should be run in rather slowly 
yet fo a steady stream. The flask should be uncorked under the 
burette and held sloping and touching the jet so that the iodine 
liquor runs down on to the assay liquor and there is no splashing. 
A. gentle rotation will mix the two liquors and the iodine will be 
immediately bleached. The work from now is an ordinaty 
titration worked quickly. Add a few c.c. of starch, mix gently; 
add several drops of iodine at a time until the blue colour 
momentarily fdrmqd bleaches less quickly; then add one drop at 
a time until the added colour is persistent throughout the whole 
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edution. ThefmisWngpomtcanUAWtiTvpisbedMwV 
Lnce of nickel salisor lead iodide; both tbe&e are IvV / to be pc#- 
sent: the lead cornea from the zinc uaed. "Where aup; t ate as^y» W0 
made the second assay would have iodine run in up to within i c.c. 
of the finish at the first adding; In standardising for these assays 
use a quantity of tin (.3 to .35 gram) similar to that in the aasays. 

A charge of 1000 milligrams is also used: the iodine is of twice the 
strength : the tin is dissolved by placing the crucib/e in a 250 c.c. 
beaker with 100 c.c. of hydrochloric acid: the beaker is covered with 
a clock glass; when the effervescence is less vigorous the crucible 
cover is put in. The acid tin liquor, when all is dissolved, is caref ully 
transferred to an 8-oance flask: the last portions are carried in by 
frequent small washin gs. The rest of the work is the same as given 
above; the double charge gives the same result, but with it 1 milli¬ 
gram of tin has only half the importance. 

- Assays of Ores and TaUings.—^Weigh up 2000 (or 2240) 
milligrams of the finely-powdeied ore and mix with about 

4 grams of zinc dust and 1.5 grams of zinc oxide by stirring with 
a glass rod in a Berlin crucible. Place in a previously heated 
furnace, put on a hot crucible cover; take out at the end of 
10 minutes: allow to cool. Transfer to an 8-onnce flask through 
a funnel with a short wide neck; use a little zinc oxide to com¬ 
plete the transfer. Add 60 or 70 c.c. of strong bydroclilorio 
acid in a steady stream and shake to prevent clotting. When 
the effervescence is slackening, and there is no evidence of 
undisEolved zinc buttons, waim slowly to boiling. Boil for , 

5 minutes. Dilute with hot water to about 130 e.c.insert the 
nickel, heat to boiling, and boil quickly for 10 minutes., Take 
out the nickel. Cool under carbonic acid. Add some starch and 
titrate quickly with iodine: perhaps only a few drops, at most 
only a few c.c. of iodine will be required. Each c.o. should 
represent 5 milligrams of tin, and, consequently, 5 lb. of tin to 
one or the other ton of ore, according to which (diarge was taken. 

With richer ore the zinc on the crucible cover would he dis¬ 
solved and the crucible cleaned in the acid before pouring it on 
to the charge in the flask. Further, the nickel should be washed 
as well as drained on withdrawing it from the assay liquor. 


TITANIUM. 

' Titanium only occurs as a mineral in its oxidised state, or as 
titanic oxide (TiO,). It is a substance which has little commer¬ 
cial value, and is generally recognised as one of the rate bodies; 
although, in small quantities, it is widely disseminated. It occurs 
in granite, basalt, and other igneous ro(^ in quantities up to as 
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much a« i per cent. It is also met with in clays and iron ores, 
and in river sands, in which it is often associated with stream tin. 
The proper minerals of titanium are mtile (TiO,), titaniferous 
iron (titanate of iron), and ephene (titanate and silicate of lime). 

The oxide of titanium (like cassiterite and quartz) is undecom¬ 
posed by hydrochloric or nitric acid; so that it is generally found 
in the residue insoluble in acids. The titanates, however, art 
attacked, and a portion of the titanium dissolves; so that it must 
be looked for in both the filtrate and residue. Oxide of titanium 
in its native form, or after ignition, may be made soluble by fusing 
the finely-divided substance with fusion mixture in a platinum 
dish. The resulting titanate is dissolved out of the melt ” by 
cold hydrochloric acid. 

The method most commonly used is fusion with bisulphate of 
potash. This renders the oxide of titanium soluble in cold water. 
The process is as follows:—^The substance is extracted with 
hydrochloric and nitric acids, and the solution reserved for further 
treatment; the residue is ^ed, moistened with sulphuric acid, 
and evaporated once or twice to dryness with hydrofluoric acid. 
It is then fused with bisulpliate of potash, and the “ melt-'’ ex¬ 
tracted with cold water unUl all soluble matter is removed. The 
solution is filtered. The residue may consist of unremoved silica, 
and oxides of tantalum, niobium, and, perhaps, chromium. On 
the prolonged boiling of the filtrate, the oxide of titanium (and 
oxide of zirconium, any) is precipitated. 

Any titanium dissolved by the bst extraction with acids is re¬ 
covered in the following waySulphuretted hydrogen is passed 
into the acid solution, and any precipitate that may be formed is 
filter^ off. The filtrate is oxidised, and the iron, aluminium, and 
titanium are separated as basic acetates (see under Iron). The 
precipitate is dried and fused with bisulphate of potask The 
“ melt” is extracted with cold water, filtered if necessary, and the 
solution rendered fii'st faintly alkaline with ammonia, then very 
slightly acid with sulphuric acid. 30 or 40 0.0. of a saturated 
solution of sulphurous acid is added, and the oxide of titanium 
precipitated by prolonged boiling. It is filtered off, added to the 
prwapitate previously got, ignitkl with ammonic carbonate to¬ 
wards the end, and then weighed. 

Detection.—^Titaniam is detected in an insoluble residue by 
fusing the residue for some time in a bead of microcosmic salt. 
In the reducing flame it gives a violec colour, which becomes 
reddish-brown if much iron is present. In the ozidismg flame it 
gives a colourless or whitish bead. It is best detected in acid 
solutionB'*by the deep brown or iodine colour developed on adding 
hydroxyl. A solution of this can be prepared by pouring per- 
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oxide of barinm (liiO.) ditt'ased in water into dilute hydrochlorio 
acid (a little at a timey and keeping the acid in cxceNS. 

Separation.—In the usual course of an analytical separation 
the hydrate of titanium will be thrown down with ferric hydrate, 
dec., on the addition of aminonic chloride ai d ammonia. It is 
best separated from this precipitate by fusion with bisulphate of 
potash, as aheady described, but it must be rememliored th.at the 
presence of much mineral acid prevents complete precipitation when 
the solution is boiled. Further, if phosjihates are present, the pre¬ 
cipitate will contain phosphoric oxide; it may be freed from this 
by fusion with sodium carbonate. A very good method of sepa¬ 
rating titanium from iron is to add tartaric acid and ammonia to 
the solution, and then precipitate the iron (as sulphide) with sul¬ 
phuretted hydrogen. The liltrste contains the titanium, which 
is recovered by evaporating and igniting. It may be separated 
from sircouia by the action of sodium carbonate, which precipi¬ 
tates both; but when concentrated, redissolvcs the zirconia. 
The separation from large quantities of silica is best effected by 
evaporating with hydrofluoric acid, which volatilises the silicon; 
but sulphuric acid must be present, otherwise some titanium also 
will be lost, as may be seen from the following experiments,* ih 
which oxide of titanium (pure, ignited) was evaporated to dryness 
with a quantity of hydrofluoric acid known by experiment to be 
sufficient to volatilise i gram of silica. 

WithenU sviphuno acid, 0.0466 gram of titanic oxide left 0.034a 
gram, showing a loss of about 25 per cent. 

With mdphv/ric ami the following results were obtained:— 


Oxide taken. 

0*0340 gram • 

0.0414 „ . • 

0.0520 „ . • 

0.0352 » . 


Left after liTaporatioa 
and 

. 0.0340 gram 

. 0.Q413 „ 

• 0.0520 „ 

. ao352 « 


GIBAVIMETBIC DETEBMIKATIOir. 

The titanic hydrate thrown down by ammonia (or on boiling 
the solution from the bisulpliate) is collected, washed, dried, 
ignited strongly with the addition of a little ammonic carbonate, 
and weighed. The substance is titanic oxide (TiO,), and is gene¬ 
rally reported os such. It contains 60.98 per cent, of titanium. 
It should be white, if pure (Holland), white, yellow, or brown 
(Fresenius), or black (Kdy). 

* FabUshed by F. Holland, in tbs Chtnucti Stm, voL Ux. p. 17. 
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VOLUMETBIC METHOD. 

A method has been proposed based on tlie redaction of titanic 
oxide by zinc in hydrochloric acid solutions to the sesijaioxide. 
The reduction is marked by the development of a violet or green 
colour, the former with chlorides and the latter when fluorides are 
present. The quantity of titanium reduced is measured by titrat¬ 
ing with permanganate of potassium solution. The water used 
must be free from dis.solved oxygen. 

• 

TUNGSTEN AND TUNGSTATES. 

Tungsten occurs in nature only in the oxidised state, or as 
tungstic acid (WO,), either free, as in wolfraniine, or combined 
' with oxides of manganese'and iron, as in wolfram, or with lime, 
as in scheelite. Wolfram occurs associated with tin ores, the 
value of which is consequentl.^wered. Bbth wolfram and schee- 
lite are of considerable imporunce as a source of tungstic acid for 
the manufacture of sodium tungstate, w hich is used as a mordant 
and for some other purposes, and as a source of metallic tungsten 
and ferro-tungsten, which are used in steel-making. 

The tungsten minerals have a high specific gravity (6 to 7.5). 
On treatment with hydrochloric acid or aqua regia they are 
decomposed; the yellow tungstic acid separates and remains 
insoluble. 

Tungsten itself is insoluble in nitric acid or ocpia regia; but is 
converted into tungstic acid (WO,) by prolonged and strong igni¬ 
tion in air. Alloys containing tungsten leave tungstic acid after 
treatment with nitric acid or aqua regia. Tungstic acid may be 
got into solution after fusion witli alkalies or alkaline carbonates. 
This solution gives with hydrochloric add a white predpitate of 
tungstic acid, which becomes yellow on boiling, but the separation 
is not complete. Fusion with bisulphate of potash gives a resi¬ 
due, which does not dissolve in water, but is soluble in ammonic 
carWate. For the assay of minerals containing tungsten these 
reactifins are only occasionally taken advantage of for testing or 
purifying the separated tungstic acid. 

Detection,—The minerals are easily recognised by their 
'-physical characters, and the yellow tungstic add separated by 
boding with adds is the best test for its presence; this, after de¬ 
canting and washing, immediately dissolves in a few drops of 
dilute ammonia. A solution of tungstate addulated with hydio- 
chloric add'beodmes. intensely blue on the addition of stannous 
chloride and warming. Fused, in a bead of microcosmic salt it 
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gives a clear blue colour {reddish brown if iron is also present) in 
tbe reducing flame, Imt is colourless in the oxidising flame. 

Solution and Separation.—The decomposition and solution 
of natural tungstates is diflicult to effect owing to the separation 
of tungstic acid; the method of treatment is a-, follows:—Boil 
the finely-powdered substance with hydrochloric acid or aqua 
regia till it apparently ceases to be attacked; dilute, filter, and 
wash with dilute hydrochloric acid. Cover with dilute ammonia, 
and filter the solution, which contains amnionic tungstate, into 
an evaporating dish. Treat the residue again with acid, and 
again dissolve out the separated tungstic acid with ammonia, and 
repeat this operation until decomposition is complete. By this 
means there will bo obtained—(i) a solution containing tungstate 
of ammonia; (2) an insoluble residue with silicates, and oxides of 
tin, niobium, tantalum, ifco. j and (3) an acid solution containing 
tbe soluble bases. The tungstate of ammonia requires simple 
evaporation on the water-bath and gentle ignition in order to 
cause the tungstic acid to be left in an almost pure state; possibly, 
it may carry a little silica. 

GBAVIMETEIC DETEEMINATIOIT. 

The tungstic acid is dissolved, and separated as ammonic tung¬ 
state, and, after evaporation, is gently ignited, tbe heat being 
increased towards the end. The residual tun^tic acid is fixed, 
so that when the ammonia has been driven off it may be strongly 
heated without loss. It is a dark yellow or brown powder whilst 
hot, which becomes a light yellow on cooling. If any reduction 
has taken place it will be more or less greenish. It is weighed 
when cold, and is the trioxide or “tungstic acid" (WOj), which 
contains 79.31 per cent, of tungsten. After its weight has been 
taken its purity is checked as follows:—Add sufficient distilled 
water to cover the tungstic acid in the platinum dish, and about 
I gram of pure caustic soda. Digest on the water-bath for a few 
minutes, till all the tungstic acid has dissolved. Wash the con¬ 
tents of the dish into a suitable beaker, add 3 grams of ammonium 
nitrate, boil, filter on a small ashless paper, wash, burn, and 
weigh. Deduct the weight from the original weight of tungstic 
acid. 

Determination of TnngstioAoid in Wolfram.—To 2 grams 
of the finely-powdered wolfram in an 8-ounce beaker add about 
10 C.C. strong hydrochloric acid, and agitate carefully to prevent 
caking. Add more acid (about 120 c.c. in all), cover with a 
clock-glass, and boil briskly till the volume of acid is reduced to 
about q 0.0. Allow to cool, add g 0.0. strong nitric add, and 
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digest at nearly a boiling teinperalu re for from five to ten minutes. 
Dilute with water to about loo c.c., allow to settle, and filter 
through a 9 cm. filter, wash with water, woiking so as to obtain 
as little tungstic acid as possible on the filter. To the beaker 
add about 10 c.c. distilled w.ater and 10 dilute ammonia 
(l: i),adilingthe lattei' in small quautilies down the side.s of the 
beaker. With a rubber-tipped rod remove any deposit from the 
sides of the beaker into the alkaline liquor, raise to the boil, and 
stir well (if the suspended matter does not rcudily subside, boil 
again until the desired result is attained). Allow to settle, and 
whilst still hot filter through the original paper into an 8-ounce 
flask. Wash the beaker two or three times with small quantities 
of distilled water, decanting each time from any heavy mineral 
should it be present. C!ompleto the washing of the filter-paper, 
and reserve the cover-glass, filter-paper, and beaker. Evaporate 
the solution of ammonium tungstate in the flask to a small 
volume, transfer carefully to a weighed platinum dish, and con¬ 
tinue the evaporation to diTisess on a water-bath. Ignite the 
dish and contents gently at first, and more strongly afterwards. 
Weigh as tungstic acid. 

To the beaker containing the heavy residues add 5 c.c. hydro¬ 
chloric acid, cover with the original clock-glass, and boil till 
nearly dry; add a few c.e. q{ nitric acid, and heat again tor ten 
minutes. Dilute with water, allow to' stand till the deposit has 
subsided, filter through a small paper, and wash beaker and paper 
several times. 

Wash the filter-imper, also the original filter-paper, with a 
little i^ot dilute caustic soda solution followed by small washes 
of distilled water, and collect the alkaline liquors and washings 
in the beaker. If the clock-glass is stained with tungstic acid, 
dissolve with a few drop.s of the soda solution and add to the 
contents of the beaker, liaise the contents of the beaker to 
boiling, add about 2 grams ammonium nitrate, and stir well 
whilst boiling. Filter through one of tlie papers previously used, 
and wash a little. Nearly neutralise the filtrate with dilate 
nitric acid, add a few c.c. of meraurous nitrate solution, stir well, 
filter'on a small ashless paper, wash, ignite, and weigh as tungstic 
acid. Add this weight to the weight of the turgstic acid in the 
platinum dish. 

' Determination of Tungstio Acid in Tin-Wolfiram Con- 
oentratee.*—It is advisable with these to determine the tungstic 
acid in the ammoniacel solution by the mercurous nitrate method, ’ 
• “The Alsay of VloUram Concentrates,” by H. W. Hutchin. 
JLiulyii, Aug. tgii. 
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Working with a i-gram charge, proceed as described for wolfram 
up to the sentence ending “ wash with water, working so as to 
obtain as little tungstic acid on the paper as possible.” To the 
beaker add about 15 c.c. distilled water and 5 c.c. of 10 pei’ cent, 
caustic soda solution; cleanse the cover-glass wii' a few drops of 
very dilute soda, and wash into the beaker; run a few c.c. of 
dilute -oda through the (ilter-pafler, and wash with water, collect¬ 
ing filtrate and washings in the beaker; rub down any deposit 
above the level of the liquid in the beaker with a rnbl)er-tipped 
rod, raise to tho boil, add 3 grama ammonium nitrate, and con¬ 
tinue to boil for a minute or so. Allow to settle; filter, and wash 
with weak ammonium nitrate solution, collecting filtrate and 
washings in a large-sized beaker. Dilute to about 200 c.c.; 
acidify with nitric acid first, then neutralise or make faintly 
alkaline with dilute ammonia. Add sufficient mercurous nitrate 
solution, and again neutralise with precipitated meicuric oxide; 
stir well; filter and wash by decantation; finally transfer all 
precijiitate to the paper and complete the washing. Dry, bum, 
and weigh ns tungstic acid. The residues sliould be again treated 
with acid, ifcc., for unattacked wolfram. 

Determination of Tungstic Aoid in low-grade ores, tail¬ 
ings and black tin.—^The B.aniplo may be reduced to a sufficient 
degree of fineness in a Wedgwood mortar, hut fine powdering is 
essential. The charge taken may be from 5 grams upwards, or 
better 5.6, 11.2, 16.8 or any convenient multiple of 2.8, so that 
the milligrams of tungstic acid obtained represent simple ratios 
of lb. WO, per ton of ore (long ton). 2.8 grms. (or mull, file) is 
taken because only four-fifths of the solution is used for the Actual 
assay, «.«. it is a convenient sort of “ assay ton ” for lb. per ton of 
2240 lb. under the special conditions of the assay. Tho charge is 
digested in a 4-inch porcelain dish with 20 c.c. of a 25 per cent, 
solution of civustic sc^a (free from chloride) on a water-bath for 
30 or 45 minutes. The assay is next diluted, a little sodium per¬ 
oxide added to oxidise any decomposition products of sulphides, 
then transferred to J-litre flask and diluted to 250 c.c.; 200 c.c. 
of a filtered portion are first acidified with nitric acid, then made 
alkaline with ammonia. The assay is brought to the boiling point, 
filtered and washed. The filtrate is made slightly aoid with dilute 
nitric acid, and mercurous nitrate solution added in excess 
followed by a little precipitated HgO. On warming and stirring, 
the precipitate settles readily. After filtering and washing the 
precipitate with weak mercurous nitrate solution, the paper and 
precipitate are ignited together in a porcelain crucible, or, if the 
ore is free from arsenic, in a platinum crucible. Weigh as tungstb 
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acid; with a charge of S-6 grams, the milligrams obtained, divided 
by two, give lb. WO, to the ton. _ , 

Solution of Mercnrouo Nitrate ,—The solution may be con¬ 
veniently prepared from mercury. From 2 to 3 oz. of mercury is 
digested in a large beaker or flask, with 25 o.c. of nitric acid 
(sp. gr. 1.4) and 75 c.o. of water on a hot plate near boiling-point 
for one and a half hours, and-left on the hot plate overnight. 
The extract, diluted to about 500 c.c., will give a saturated solution 
with the minimum of free acid. 20 o.c. is sufficient for most 
assays. 


NIOBIO AND TANTALIO OXIDES. 

These oxides are commonly met with in samples of wolfram and 
tinstone, especially niobic. They are probably present in the 
form of columbite, a niobate of iron and manganese; and tanta- 
lite, a tantalate of the same metals. 

On boiling with hydrochl^o acid they are both liberated, and 
remain for the greater pan {all the niobic) in the insoluble 
residue with the tungstic acid. On removing the latter* with 
dilute ammonia they remain as a white insoluble precipitate, very 
prone to run through the filter on washing. They may be 
solved in hydrofluoric acid either at once or after fusion with 
bisulphate of potash, and" extraction with cold water. To the 
solution in hydrofluoric acid gradually add a boiling solution of 
acid potassium fluoride (IIF,KF.). Potassic fluotantalate (soluble 
in 200 parts of water) separates out first, and afterwards potassic 
fiuniobate (soluble in la parts of water). ^ The separated ralts 
(aftei* heating with sulphuric acid and washing out the potassium 
sulphate formed) are ignited with ammonio carbonate, and weighed 
as tantaJio oxide (Ta, 0 ,)and niobic oxide (Nb, 0 ,) respectively. 

They are both white powdera. The oxide of niobium dissolved 
in a bead of microcosmic salt gives a bluish colour in the reducing 
Same. The oxide of tantalum dissolves in the bead, but gives no 
oblour. 
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CHAPTER Xm. 

MAIfQANESE, CHEOMIITM, tea. 
MANGANESE. 

Manoanesb occurs mainly as black oxide (MnO,) in the mineral 
pyroliisite; and, in a less pure form, in psilomelane and wad. 
The value of the ore depends rother on the percentajie of avail¬ 
able oxygen than on the proportion of metal firescnt. The results 
of assays are generally reputed as so much per cent, of the dioxide 
(MnO,). In smaller q^tities it is very widely distnhiited. 
Manganese itsejf has a value for steel-making; or, rather, for the 
making of spiegeleisen and feiTo-mang.ine8e, which are used in 
the Bessemer and Siemens processes. For tliis purpose the per¬ 
centage of the metal (Mn) is required. Consequently the minerals 
of manganese may be considered ip two aspects—(i) as a source 
of oxygen; and (2) as a source of manganese. These will require 
separate consideration. 

The black oxide is mainly used in the preparation of chlorine, 
liberation of which it brings about when treated with hot hydro- 
chldrie acid, or with a mixture of common salt and sulpimrio 
acid. The quantity of chlorine which is obtained depends upon 
the proportion of dioxide present ;• and in assaying may either 
be measured by its equivalent of iodine liberated, or by the 
oxidising eifect on an acid solution of ferrous sulphate. When 
the ore also Ciirries substances which have a reducing effect 
(such as ferrous compounds), such assays will give, not the total 
dioxide (MnO,), but less, by the amount requir^ to oxidise these 
hnpunties; and this is exactly what is required in valuing such 
an ore for commercial purposes. Manganese compounds arb 
characterised by the readiness with which they may be con¬ 
verted into highly-oxidised bodies. Solution of manganese in 
hydrochloric acid, rendered alkaline with ammonia, yields a clear 
solution,! which rapidly takes up oxygen from the air, formiiffi 
a brown precipitate of the oxide (Mn, 0 ,). The addition of 

' Mn0,+4H01=MnCl,-fCl,-H2H,0. 
f Frovided a saffleienoy of ammonic chloride is present. 
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bromine or chlorine to such a solution determines the precipi¬ 
tation of a still highe" oxide (approximately MnO,). On treating 
a comj)ouiid containing manganese with nitric acid and dioxide 
of le;;d (PliOj), the oxidation in carried still further, a purple- 
coloured solution of permanganic acid or H,O.MniOjl 

being formed. On fusing minerals containing (even traces of) 
manganese with sodium carbonate in an open cx'ucible, a green 
“ melt ” is obtained which owes its colour to sodium manganate 
(Na,MnO, or Na,O.MnO,). This salt is soluble in water, forming 
a green solution; which, whun rendered acid, rapidly changes 
into the permanganate with the characteristic purple colour. 
Permanganate of potash is a salt much used in assaying, with 
gome properties of which the student will have already become 
familiar. 

Compounds of manganese, on boiling with strong hydrochloric 
acid, yield manganous chloride* (MuOl,). 

The properties given above serve for the detection of manga¬ 
nese ; the higher oxides are distinguished by causing the evolution 
of chlorine (with its peculiarly suffocating smell) when acted on 
with hydrochloric acid; while the green “melt,” with sodium 
carbonate, can be relied on for the recognition of manganese 
itself. There is no dry assay of manganese ores. 

WET METHODS. 

Strong hydrochloric acid is the best solvent for ores of man¬ 
ganese ; but where the proportion of dioxide (MnO,) is r'-quired, 
^e solution is effected during the assay. The ore should in 
a very fine state of division before treatment with acids. 

The separation of manganese from other metals is thus efiected; 
Ignite, in order to destroy any organic matter which may be 
present; dissolve in hydrochloric acid, and evaporate to dryness, 
to separate silica. Tahe up with hydrochloric add, dilate, pass 
sulphuretted hydrogen, and filter. Boil off the excess of gas, 
peroxidise the iron with a drop or two of nitric acid, and separate 
the iron as ba.sio su^tate (as described under /ron).f If the iron 
precipitate is bulky, it is dissolved in a little hydrochloric add, 
repredpitatud, and the filtrate added to th# original one. Ken- 
tralise with soda, and add bromine in excess; heat gradually 
to boiling, allow to settle, and filter. The predpitate is impure 
£oxide of manganese (containing alkalies and, posdbly, oobalt 
or nickel). 

* With some Coates, fee., a preliminary fusion with eodlnm carbonate 
will be necessary. 

t Instead of sodium acetate, ammoninm succinate can ba used. 
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aBATIUETBIC DETEBinNATION. 

Dissolve the precipitate in bydrochlorio acid, and bcdl; add a 
slight excess of carbonate of soda, warm, and filter. Wash with 
hot water, dry, carefully ignite in an open Berlin crucible, and 
weigh. The substance is the brown oxide (Mn, 0 ,), and contains 
72.05 per cent, of manganese. If the percentage of dioxide is 
required it may be calculated by multiplying the percentage of 
manganese by 1.582. It must be borne in mind that the man¬ 
ganese should never be calculated to dioxide except when it is 
known to exist in the ore only in that form. 


f 

VOLUMETRIC METHODS. 

The two methods are base^on the oxidising efibet of manganese 
dioxide; and if the metal dam nut already exist in this, form 
it will reqirire a preliminary treatment to convert it. The 
following method due to Mr. J. Pattinson* effects this; A 
quantity of the ore containing not more than .25 grams of 
the metal (Mn), is dissolved in hydrochloric add in a pint beaker, 
and, if necessary, 3 or 4 c.c. of nitric add are added to peroxidise 
the iron, and ferric chloride is added if required, so that there 
may be at least as much iron as manganese. Calcium carbonate is 
added till the sqlution is slightly red; and next the redness is 
removnd by the cautious addition of add; 30 c.c. of zinc chloride 
solution (contdning 15 grams of zinc per litre) are added, the 
liquid is l^ought to boil and diluted to about 300 c.c. with boiling 
water; 60 o.c. of a splution of bleaching powder (33 grams to tht 
litre and filtered), rendered slightly greenish by add, are then rui 
in and are followed by 3 grams of calcium carbonate suspendet 
in 15 C.C. of boiling water. During effervescence the beaker L 
covered, the predpitate is stirred, and 2 c.o. of methylated spirit 
aroe mixed in. The predpitate is collected on a large filter 
washed with cold water, and then with hot, till free fro^ chlorine 
which is tested for with starch and putassiutn iodide. The adc 
ferrous sulphate solution (presently described) is then measurec 
into the bmker, and the predpitete, in the paper, added 
more add is add^ (if necessary), and the solution & wuted and 
titrated. In place of bleaching powder'solution, 90 04). d 
bromine rater (containing 22 grams per lilro) may be used. 

* /mra. Sm. Ohm, Indmtry, vcL x. p. 333. 
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FEEROirS SULPHATE ASSAY. 

Thu method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 parts of the dioxide will 
oxidise 112 parts of ferrous iron;* therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioxide. The finely-divided 
substance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. 'Hie iron, of course, 
must be in excess, which excess is determined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay rtaolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working described under Irm are used. 

The assay is as followsFor rich oi'es, 2 grama of clean soft 
iron wire are treated, in a pint flask, with 100 cjc. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the “ moisture at too* 0.grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
100' C., mix well, and keep in a weighing-bottle. Wei^h up 
a grams and add them to the solution of iron in the flask; care^^lly 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the fla.sk is cooled, 
and the residual ferrous iron is determined by titration with “ per¬ 
manganate." The iron thus found, deducM from the 2 grams 
token, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided' by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
sample, or multiplied by 49.41 will give that of metallic manganese. 

. When the qivantity of manganese or of the dioxide to be deter¬ 
mined is small, it is not necessary to use 2 grams of iron; i gram, 
or even less, may be taken. The iron may be used in the form of 
a standard solution of ferrous sulphate and portions measured off, 
thus saving the labour of weighing. 

• lIoO,+areSO.+2H,SO,=Te,(SOJ,+ MaSOj+aHja 
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Determination of Dioxide tn a Han^nese Ore.—Weigh 
ap I or 2 grams of the finely-powdered ore * and an ecjual weight 
of pure iron wire, dissolve the wire in 50 or too c.c. of dilute sid- 
phurio acid, and, when solution is complete, add the ore and warn 
till it too is dissolved. Cool and titrate the remaining forrona 
iron with the permanganate or bichromate of potassium solution. 

For example, 0.7560 gram of pyrolnsite and i.ooo gram of 
iron were taken and treated as above; 13.9 c.c. of “perman¬ 
ganate ” (standard 100 c.c. = 0.4920 gram iron) were required; 
this indicates that 0.0684 gram of iron was left unoxidised by the 
ore. The iron oxidised, then, was 0.9316 gram (i.ooo - 0.0684) > 
multiplying this by 0.7768, we find that 0.7237 gram is the 
quantity of manganese dioxide which was present. Tliis is 
equivalent to 95.77 per cent.; 

0.7560 : 0.7237 :: 100 : 95.77. 

IODINE METHOD. 

It has been already staled that when dioxide of manganese is 
boiled with strong hydrochloric acid chlorine is given off, and 
that the amount of chlorine so liberated is a measure' of the 
dioxide present. If the chlorine is passed into a solution of 
potassium iodide, an equivalent of iodine will be set free.f This 

is appirently a very indirect 
way of determining how much 
of the dioxide is present; but 
the reactions are very sharp, 
and the final determination 
of the iodine is an easy one. 

The finely-powdered sample 
of dioxide is placed in a small 
flask provided with an exit 
tube leading into a solution 
of potassic iodide (fig. 60). 
On adding hydrochloric acid 
and boiling, the chlorine,. 
evolved is driven into the . 
iodide solution and there ub> 
sorbed; the boiling is con- 
tinned till the steam and hydrochloric acid fumes have driven the 
last portions of the chlorine out of the flash and into the solution. 
In tUs experiment there is a strong Ihndency for the iodide solu-'! 

* It the ore is very rich, a smaller quantity (075 or 1.5 gram) must be 
taken ■,sOthetwise the iron will be insufficient. , 

■f Mn 0 j+ 4 S 611 *linCl,+aH| 0 +Cl|. 

. ^ Gly 4 ‘ 2 KIsaE 0 l 4 'l|. 
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tiou to rush back into the Cask. This tendency is orercome by 
avoiding draughts and regulating the heat j or by placing a lump 
of maguemte in the flu. .iv, which acts by evolving cai-bouic acid and 
BO producing a steady outward pressure. When the distillation is 
Gnisbed the tube containing the iodine is detui’hod and washed 
out into a beaker. If the solution is strongly acid it should be 
almost neutralised by the cautious addition of dilute ammonia. 
If crystals of iodine have separated, potassium iodide must be 
added in quantity sufficient to dissolve them. The condenser 
mu.st be kept cool whilst the chlorine is passing into it. 

The solution, transferred to a beaker, is titrated with a standard 
solutton of sodic hyposulphite (100 c.c. = t.2j gram iodine or 
° 43 S gram of dioxide of manganese). In titrating, the solu¬ 
tion should be cold, or not warmer than 30' 0 . The bulk 
may vary from too to 200 c.c.; but it ia iiest always to work 
with the same volume. The “hypo" is run in with constant 
agitation until the brown colour has been reduced to a light 
yellow; 5 c.c. of starch solution are then added and the titration 
cautiously continued until the end is reached; the finish is indi¬ 
cated by a change from blue to colourless. 

The assay solution may he acidified with tcetic, sulphuric, 
or hydrochloric acid before titrating with “hypo;” but it 
must be only faintly so. An excess of acid may bo nearly 
neutralised with ammonia without interference, but excess of 
alkali is fatal. Bicarbonate of soda must not be used in excess; 
it is best to avoid it altogether. The assay solution should be 
titrated at once, as it we^ens on standing; and ^e “hypo” 
solution should be standardised every two or three days, as its 
strength is not constant. • 

The standard Sidultm 0/ iypimJpiUt of ooda is made by dis¬ 
solving 25 grams of the salt (Na^,0,.sH,0) in water and diluting 
to I litre. 100 eA are equivalent to i.a; gram of iodine. 

This solution is standardised by weighing, in a small beaker, 
about half a gram of iodine, to which is addM a crystal or two of 
potassium iodide and a few drops of water. When dissolved, the 
solution is diluted to 100 e.e., and titrated in the manner 
described. The starch solution is made in the manner described 
under the iodide copper assay. 5 c.0. are used for each titration. 

In determining the effects of variations in the condition of the 
assay a solution of iodine was used, which was equivalent in 
strength to the “hypo” solution. It was made by dissolving 
12.7 grams of iodine with 25 grams of potassium iodide in a little 
water and diluting to i litre. 100 c.c. of this solution were 
found (at the time of the experiments) to be equivalent to ioa.« e.o. 
of the “ hypo.” 
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Effeot of Varying Temperatore.—The bulk of the eolation 
was 100 0.0.; zo o.o. of iodine were taken, and 5 c.e. of ataich 
solution were added towards the end as indicator. These condi¬ 
tions are also those of the other experiments, except where other¬ 
wise stated. Iodine being volatile, it is to be expected that with 
hot solutions low results will be obtained. 

Temperature . 15* zo’ 40’ 6o* So' 

“Hypo" required zo.4 0.c. zo.4 0.0. zo.i o.a ip-z c.o. 15.50.0. 

These show that the temperature should not much exceed zo*. 

Effect of Exposure of the Iodine Solution.—Twenty o.o. 
of the iodine were diluted to 100 c.c., and exposed for varying 
lengths of time in open beakers at the ordinary temperature, and 
then titrated. 


Time e^sed . . ^ — i day z days 3 days 

“Hypo” required .'Z04C.0. 16 . 10 . 0 , 13.60.0. 940.0. 


Effect of Varying BuU^—These experiments were carried 
out in the usual way, bulk ally varying. 

Bulk . , . too.0 c.a zoo.o o.c. 300.0 c.o. 500.0 0.0. 

“Hypo"required 00.4 „ 004 „ ao.4 „ Z04 „ 


Effeot of Varying Acid.—These experiments were under 
the usual conditions, the biilk being roo c.c. The results were— 

Acetic acid . . — 1.5 0.0. 3ao 0.0. 

“Hypo" required . 0040.0. zay „ ao.7 „ 


Hydroohlorlo aoid 
“^ypo" required 

Sulphuric acid . 
“Hypo" required 


0040.0. 

ZO40.0. 


i.S 0.0. 

Z0.6 „ 

0.5 C.O. 
20.7 „ 


1500.0. 
20.9 „ 

20.0 C.O. 
I5-* 


Nitric aoid0.5 c.c. 10.0 c 0. 

“Hypo "required . Z04C.C. ZI.5 „ could not be titrated. 


In the application of this titration to the assay of manganese 
ores, hydrochloric and hydriodic acids are the only ones likely to 
be nyesent. 

JWeot of Alkalies.—On tbeoretioal grounds the presence of 
these is known to be inadmissible. A sduttw rendered fain% 
alkaline with ammonia required only itJt'M. of “hypo;” and 
another, with 0.5 grain of caustic soda,. Required 4.0 c.o. instead 
of 20.4 c.e. as in neutral solutions, t ; 

Effeot of nearly Keatrallaing EydroeMorlo Acdd Elu¬ 
tions wi|h Ammonia.—Provided care is taken not to add... 

* Iodine ptobaUy lort by velatilisatlon. 
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ezceu of ammonia, thia bos a good effect, counteracting the inter¬ 
ference ef ezcees of Acid. Thus zo c.c. of iodine (as before) 
required 20.4 c.o. of “hypo;” with 15 c.c. of hydrochloric acid 
20.7 0.0. were required, but with 15 0.0. of acid, nearly neutral¬ 
ised with dilute ammonia 20.4 c.c. were used. 

Effect of the Addition of Starch.—The addition of varying 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show:— 

Btarch added . 1.0 o.a 5.0 c.o. 10.0 c.c. 50.0 c.a 

“Hypo"required 20.4 „ Z0.4 „ Z0.4 „ 2a5 „ 

But if the starch is added before the titration, the results are 
liable to error. 

Starch added . . t.o c.0. 50.0 0.0. 

“ Hypo ” required . 204 „ 24.0 „ 

The starch should be used fresh, and is best made on the day it 
is used; after four days the finishing point is not so good. 

EfTeot of Varying Fotassiuia Iodide.—An excess of iodide 
is always required to keep the iodine in solution; a larger excess 
has little effect. 

Iodide added . . — I grata to grams 

“ Hypo ” required . 20.4 0.0. 20.5 0.0. 20.6 0.0. 

The 20 O.C. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

Effect of Foreign Salta,— 

Bicarbonate of soda 

added ... — 0.5 gram 1.5 gram 5x1 grams 

“Hypo" required . 2040.0. 18.20.0. 17.10.0 16.0c.e. 

The solution obviously must be free from bicarbonate of soda. 
This should he remembered, since when titrating arsenic assays 
with iodine it must be present; and students must avoid con¬ 
founding the two titrations. 

In some other experiments, in which jo grams each of the salts 
were taken, the following re^ts were obtained:— 

gait added ... — AmCl AmHO, Am^SO, 

“Hypo"requited . 20.40.0 20.50.0 2030.0 ao.20.0 

gait added . . Had NaHO, Ha^O, 

“Hypo” required . 20.30.0 20400 20.40.0 

Efifbot of Varying Iodine.— 

Iodine added . 1x30.0. 10.0 c.o 2 O.o 0 .o. 5000.0. ioox>o.o. 
“Hypo"required 1.3 „ loa „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Kanganese Ore.—^Weigh 
op 0.25 to 0.3 gram ef the powdered ore; place in a flask, cover 
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with 10 0.6. of hydrochloric acid, and close the flask with a paraf- 
fiined cork, and bulbs (as shown in fig. 60), having previously 
charged the bulb with 5 grams of potassium iodide in strong solu¬ 
tion. Heat the flask, and boil cautiously for about fifteen 
minutes. Wash the contents of the bulbs into a large beaker, 
nearly (but not quite) neutralise with dilute ammonia, and titrate 
with the standaixl “ hyp.” 

As an example, 0.2675 gram of pyrolusite was taken, and re¬ 
quired 60.3 c.c. of standard “ hypo " (100 c.o. equal 1.185 gram 
iodine, or 0.4042 gram MnO,), which equals 0.2437 gram the 
dioxide or 91.i per cent. 

COLOBIMETBIC UETHOD. 

When eompunds of manganese free from chlorides are boiled 
with nitric acid and dioxjde of lead,* the manganese is converted 
into prmanganic acid, which is soluble and tints the solution 
violet. The depth of colour depnds on the amount of manganese 
present, and this should lift much exceed 10 milligrams. A 
quantity of substance containing not more than this amount of 
manganese should be boiled for a few minutes with 25 <w!. of a 
solution containing 5 c.o. of nitric acid, and 10 or 20 c.c. of dilute 
sulphuric acid, with 2 or 3 grams of lead dioxide. Filter through 
asbestos, wash by decantation with dilate sulphuric acid, make up 
with distilled waterf to a definite bulk, and take a measured pr- 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
'••1435 gram of permanganate of potash (KMnO,) in a little 
water acidulated with nitric acid, and diluting to 1 litre. One 
c.c. will contain 0.05 milligram of manganese. 

PBACTIOAL EXEECISES. 

1. What peroentaf^ of manganese (Mn) is contained in permanganate of 
potash (KMnO,)! 

1. Ten c.o. of a solution of permanganate of potash is found to oxidiM 
10 0.0. of an acid solution of ferrous sulphate. The manganese is 
determined in the titrated solution by precipitation as dioxide 
>' and titrating. How much of the ferrous solution will bo oxidised 
in the second titration t , . 

3. What weight of potassium iodide would be jyst sufficient to absorb 
the oluorine evolved by a5 gram of pure dioxide of manganese t 

* Obtained as a brown powder by digesting ted lead with nitrio acid and 
filtering. 

t The water for dilution and the dilate snlpbnrio aoid used for washing 
should be-previously tested, to see they have no reduding action, with 
dilute permanganate of pote^um solution . 
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4, What weight -if iron ma t be diseolved ep ao aa to have an ezeeea of 

0.25 grani afl>er oxitlation bv 1 gram of pure dioxide t 

5. What weight of 'be blown oxide, Mugf)^ will be left on igniting 

I gram of the pure dioxidet 


CnROMITJM. 

Chromium occurs in nature chiefly an chromite on chrome iron 
ore (Feti.CrjO,, with more or less SfgO and A 1 , 0 ,), which is the 
chief ore. It is a constituent of some siliciites, and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbOrO,), and some other rare minerals. 

The metal is used in steel-making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chromates. These are highly-coloured compounds, gene¬ 
rally red or yellow. Some of the insoluble chromates are used as 
pigments; chromate of lead or chrome-yellow is the most impor¬ 
tant. The soluble chromates, those of soda and potash, are valu¬ 
able chemicals, and are largely used in the preparation of pig¬ 
ments, dyeing and tanning, and as oxidising agents. 

Chromium forms two important classes of compounds—chromic 
salts, corresponding to the oxide 0r,0„ and chromates, which 
contain the trioxide CrO,. Solutions of chromic salts are green, 
wh 1 st those of the chromates are yellow. Chromates are reduced 
to ohromic salts by the action of most reducing agents in the pre¬ 
sence of an acid; and this property is used in assaying for the 
volumetric determination of feirous iron, &o. The chromates in 
solution are more stable than other similar oxidising amenta, and 
consequently are generally used in the laboratory as oi« of the 
standard oxidising agents for volumetric analysis. They have the 
disadvantage of requiring an outside indicator. Bichromate of 
potash (K,Cr, 0 ,) is the salt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with “fusion 
mixture” and nitre, or by treating with chlorine in an alkaline 
solution. 

Chromic salts closely resemble those of ferric iron, and in the 
ordinary course of analysis chromic hydrate (green) is precipitated 
together with ferric hydrate, alumina, ius., on the addition of 
ammonio chloride and ammonia, ^e ignited oxide, Cr, 0 „ 
however, is not reduced on heating to redness in a current of 
hydrogen. 

Detection.—Chromium is detected by fusing the powdered 
substance with “ fusion mixture " and nitre. The melt is ex¬ 
tracted with water and filtered. The filtrate is acidified with 
aoetw acid, and treated with a few drops of a solution of lead 
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acetate, A yellow precipitate indicates cliTOminm. Substances 
containing chromium impart a green colour to the borax bead in 
both flames. Small quantities of chromate in neutral soration 
can be found by the dark or violet-red colouration imparted 
thereto on boiling with a dilute decoction of logwood. 

Solution and Separation,—Chromates and chromic salts are 
generally soluble in water or dilute acids. Chrome iron ore, 
however, and ignited chromic oxide ore insoluble; and the former 
presents considerable difficulty on attempting to open up by 
the usual methods. A large number of mixtures have been tried 
in order to get all the chromium in a soluble form. Among these 
are the following. One part of the very fipely-powdered ore is 
fused with any of these mixtures. 

(1) 10 parts of bisnlphate of potash. 

(2) 5 parts of bisulphate of potash and 5 parts of potassium fluoride. 

(31 5 parts of hydrio potassic fluoride. 

(4) 12 parts of bisnlphate of p^asb ; and, afterwards, with 6 parts of 

carbonate of soda asdl^orts of nitre. 

(5) 8 parts of borax; afterward, with carbonate of soda till it ceases 

to eflerresce; then, with 3 parts of carbonate of soda and 3 of 
. nitre. 

(6) 4 parts of borax and 6 parts of fusion mixture 

(7) 12 parts of caustic potash. 

(8) 10 parts of caustic soda and 30 of magnesia. 

(9) 5 parts of canstio soda and 3 of magbcsia. 

.20) 2 parts of carbonate of soda and i of lime. 

(u) 6 parts of soda-lime and 2 of chlorate of potash. 

(la) Sodium peroxidSh 

Of these, numbers i, 2, and 3 yield the. chromium in a form 
soluble <n dilute adds, os oiiromic salt. The rest in a form 
soluble in water, as potassium or sodium chromate. 

On boiling an insoluble ebromitun compound with chlorate of 
potash and nitric acid, the chromium passes into solution as chro¬ 
mate. This method, however, does not answer for chrome iron ore. 
fn the fusion methods the ere must be very finely powdered, well 
mixed with the fluxes, and subjec^d to a prolonged fusion in a 
platinum vessel at a high temperatuie. Undeoomposed particles 
tequife re-fusion. , js 

The aqueous extract containing the chromate is -rehdy foi . 
volumetne work, except in those cases where hitile has been used.* 
Tot gravimetric work the soluUdn is addifipd with hydrochloric 
w^, thei) mixed with ammonia in d^lilf excess, bdled,' and; 
filtered. The filtrate is addified with hydrechloriq add, and' 
Ireat^ with sulphuretted hydrogen, warmed, rendered digUly 
alkaline witt^ammoqm, and the gas again passed. The-olu^nium 
ia pndpitBtied as ohrdmie hydrate mixed'with sulphur ^m thh 
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reduction with sulphuretted hydrogen. It is filtered off, washed 
with hot water, and igtvited. It is weighed as chromic oxide, 

OEAVIMETBIC DETEBMIBATIOIT. 

Tie solution containing the chromium, freed trom other metals 
and earths and in the form of (green) chromic salt, is heated to 
boiling, l^any chromate is present reduce it with sodium sul¬ 
phite or sulphuretted hydrogen. Add ammonia in slight excess, 
boil till the liquid is free from a red tint, and allow to settle for 
a few minutes. Filter, wash with hot water, dry, and ignite 
strongly in a loosely-covered crucible. Cool, and weigh. The 
substance is chromic oxide, Cr, 0 „ and contains 68.62 per cent, of 
chromium. It is a dark-green powder insoluble in acids. « 

When, as is generally the case, the chromium exists altogether 
as chromate (phosphates and arsenates being absent) it is best to 
proceed os follows:—Bender the solution acid with acetic acid, 
then add sodium acetate to the solution and heat nearly to boil¬ 
ing; next treat with a slight excess of acetate of lead, and boil. 
Allow to settle, and filter. Wash the precipitate with hot water', 
dry in the water-oven or at a low temperature. Transfer the 
precipitate to a weighed Berlin crucible, Wn the filter separately. 
Ignite below redness, cool in the desiccator, and weigh. The sub¬ 
stance is lead chromate, FbOrO^, and contains 16.1 per cent, of 
chromium, or 23.53 chromic oxide (Cr, 0 ,). 

VOLBMETBIO METHOD. 

This is based on the oxidation of ferrous iron by the sdtution 
tmtaiuing the chromium as chromate. A known weight of iron 
p.5, I, or 1.5 gram, according to the quantity of chromate) is 
dissolved in 50 c.c. of dilute sulphuric acid. The solution con¬ 
taining the chromate is added, and the remaining ferrous iron 
titiatM with the permanganate or bichromate of potassium solu¬ 
tion, as described under Iron. The iron thus found is deducted 
from that taken, and the difference gives the iron oxidised by tha 
Chromate. This multiplied by 0.3101 pves the chromium. Or, 
and when multiplied by 0.4529 gives the chromic oxide, Cr, 0 ,. 

OOI.OBIMETBIC METHOD. 

Small quantities of chromium may be determined, after con¬ 
version into chromate, colorimetrically. The solution, which 
shotdd not contain more than a few milligrams in 100 g.c., ie 
acidified with acetic gc^d and compared against an equal volume 
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of water rendered acid with acetic acid and tinted with aatandard 
bichromate of pobiaaium aolutiun. Tide atandaid bichromate ia 
made by ditiaolniig 2.827 grama of the aalt in water and diluting 
to I litre. One c.c. will contain i milligram of chromium, Cr, 
The manner of working thie aaaay is the same aa that adopted in 
the other colorimetric procesaea. 

Determination of Chromium in Steel.*—Wmgh up 2.4 
grama, diaaolve in hydrochloric acid, and evaporate to dryness. 
Fune with sodium carbonate and nitre, extract with water, and 
make up to 301 c.o. Take 250 c.c. of the clear liquor, boil with 
hydrochloric acid, add sodium phosphate, and then ammonia in 
slight excess. Heat till clear. Filter off the precipitate, dissolve 
it in hydrochloric acid, and evaporate to dryness. Take up with 
a littl^hcid, filter, and precipitate with a slight excess of ammonia. 
Wash, ignite, and weiglv as chromium phosphate (3Cr,0„2P,0,), 
which contains 42.1 per cent, of chromium. 

vIjNADIUI/ 

Vanadium occurs in certain rare minerals, such as vanodinite 
(3pb,(V0,),.Pb0I,), a vanadate of lead; mottramite, a vanadate of 
copper and lead; and dechenite, a vanadate of lead and zinc. It 
is occasionally found in iron and copper ores and in the slags 
from them. In Spanish cojjper-preeipitates it is found along 
with chromium, and is probably derived from the iron used for 
precipitating. The vanadates, like the chromates, are coloured 
compounds, generally yellow or red. On reduction, blue solm 
tions are got. tin their general reactions vanadat^ resemble 
phoB^tee. 

Vanadium is detected by the red colouration produced by pass¬ 
ing sulphuretted hydrogen into ammoniacal solutions for some 
time. On addmg an acid to the filtered solution a brown preci¬ 
pitate of the sulphide is produced. This gives with borax a 
colourless bead in the oxidising, and a green one in the reducing, 
fiaiae. 

Jt is separated by fusing the ore with potassio nitrate, extract¬ 
ing with water and precipitating with baric chloride. The preoi 
■pitate is boiled with ^ute sulphuric acid, filtered, neuti^- 
ised with ammonia, and saturated vritn ammonic chlo^e. 
Ammonium vanadate separates out. It is filtered off, ignited, 
and weighed as vonadio oxide, V, 0 „ containing s&iS percent. 
«f vanadium. 

Ahiold and Hardy, Ohmiai Nau, Td. Ivii p. i 
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MOLYBDENUM. 

Molybdenum occurs in nature chiefly as molybdenite (MoSf); 
It also occurs in wulfenite, a molybdate of bijid (PbMoO^), and 
in molybdic ochre (MoO,). 

Molybdate of ammonia is an important reagent in the deter¬ 
mination of phosphates, the manufacture of which compound is 
the chief purpose to which molybdenum is applied. 

Iron and copper ores frequently contain molybdenum, some¬ 
times in quantity; consequently it is met with in slags and 
pig-iron. 

Molybdenum forms several series of salts. In those corre¬ 
sponding to the lower oxides it is basic; but the trioxide (MoO,) is 
the acid oxide which forms a scries of salts called the molybdates. 
An molybdenum compounds are converted into the trioxide by 
boiling with nitric add. The tiioxide is a white powder readily 
dissolved by ammonia. It fuses at a red heat, and volatilises freely 
in contact with air. It is slightly soluble in water. 

Molybdates ore easily reduced, with the production of coloured 
solutions, by most reducing agents. Sulphuretted hydrogen first 
produces a blue tint, and then predpitates a brown sulphide. 
The predpitation as sulphide is only complete on prolonged 
treatment; a green colour indicates that some molybdenum still 
remains in solution. The precipitated sulphide is soluble in 
ammonium sulphide. 

Detection,—Molybdenum is detected by its behaviour with 
sulphuretted hydrogen. Molybdenite can only be mistaken for 
graphite, from whi(i it is easily distinguished by yielding %ulphur 
dioxide on roasting, and by giving, on charcoal, a yellowish 
white incrustation, which becomes blue on touc^g it for a 
moment with the reducing Same. The borax-bead is colourless 
in the oxidising, and dark-brown in the reducing, flame. 

OBAVIMETBIO DETEBMINATION. 

The solution containing the molybdate is neutralised and treated 
with an excess of mercurous nitrate. The precipitate is allowed 
to settle for some time, filtered, and washed with a dilute solution 
of mercurous nitrate. Then it is dried, transferred to a weighed 
Berlin crucible containing ignited oxide of lead, mixed, ignited, 
and weighed. The increase in weight gives the amount of tri- 
oxide, MoO,. This contmns 66.7 per cent, of molybdenum. 
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Unnium ocntn chiclly a» |iilc]ib!(m^^ which is ui impazv 
(CJ, 0 ,). It is nk) tooud ni; hiilpii/vt^ in umioi'hre, jduizk* 
nite, Ac.; tmd oa pbospliate in U)o urjjiiU«, tiirbcruite (hydinted 
fliOKpImto of mnniuiii and oopiicr), and aiifaiiHn (Iiydmtcd 
|>hw|dititc of oniuium and liuip). it ak) ocouiv iu touie mroz 
miiieraltt. 

The aside » nhod far colouring ghiat; and the nftraie and 
•oetoW ure ufied anix'ngontA. *' i-nuiium }'«dlow/' umhI fur urnmol 
pnintiiig, u Rodium uiunaU*. TIio nmtiatoHj in whicii the osido of 
VRUiiuni ad^ iul an M*id> ore noKUy inboluUe and of accondaiy 
imiiorUiiiru. 

UratiiniB forma ti^'o famflfni d anltK, llnulOU^ rjid tu'anic; 
cunwpondiu^ to Iho oxidoh VO, and UO^ nM|,ocJivp|j. Tlie 
fnnuor ore gpuorally green and the lut<.ci‘ )<‘linw. Djuuoiia aaltfl 
are ron\Ti'U'<l inio nnmir 1^ lolling «*itli iiiliic otid or other 
oxidiriug Uninic Au"iS (>‘j (ho o^hm kind, are. ciitdly 

mluced 1/ hulidiuivllrd hyii'giii. h(«iiiiou'« iiiloridc or line. 
Tiik proj}rr^ w Oi.ide ;u in notvi'initiing tlie qiuuittly of 

ummuui ill pun^ hy litiAiiiig >^ith ^leruiiiiignDAte of 

pttinmnin aulntiim os in &he case with iron. 

Seteotion.*—The mmt rikmatoi'isiin imiiion.of tim iimLims 
oompunnda k tlirir Iwhaviimr iu the pruwiico of alkaline ou^ 
bonntCK inwliich ilieyara froedy aoluhle; enn auimrmtum sal* 
pliidu win not iiTMapItale utnnium fium Ihefti Kolutiona. On 
umitmluung tho mrbaunie wKli an acid a nraiiiite uf the a&nli 
k {uYK’liittiited. Ammonia or aodic hydrate (free from qiriionatoe) 
gi\’e ydlow proiijatat^ which nro iii’^hibk in oxoeea uf the 
rmgent^ but are solaUle'in ocidiii FbrroiTaiiide of pobuwiaior 
gires a ruMwIi brown {irefipitate. Uranium oolouiii the liorax* 
bead yellow iidi'gi'cen in tho oiidiiung, imd gn«n in the m^iieinj^ 
flame. ' 

Solution and Sepai'atiozi.-> 1 %e compoanik of annitmi'Bre 
KduUo in adiifl. Powder the suln^mce and eni^iorale with on. 
exetitfi of liitriu add. , T»ke up witii bydi'ucblGrio add, dilute, 
piw soljihnrcUcd liyditigmi, and filter. Perosdiso tho filtrate 
with a Intle nitiic add, add an oxcesR of aniinoniu caik/Oflie and 
•ome ammonium Ruli^iide, and filter. Ben^*r the aolutioaand, 
bdil; and predpiaiothournniuni ly menna of unmomo. Filter 
of, and T.’fi^ it with dilnte Mimonie chloride. Iguito^ and weij^ 
aa prutOHesqui oxide^ U/V 
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IDie Mhtion amu 'alnf; tho uraaium free ttam otiur metels in, 
Vrequifcdtfii^poiTCddit^b^boning with mine aod, AiniDonie 
lb w elided tu tlie neeriy-lH^D<. nlution. A ^low 

pranpitote in fanned, wlilcii ie fiUom off but and wetd^ with 
k dilni+t eolnU'-n of ammomnin chloride. The pi^dniiate is dried 
lad ipiUc'd; and ffeighe«l as Vfip whudi coaiaine ^4.8 per oeat 
(d nmniixzB. 


VOI.UHBTBIO KBTHOa 

Thb IB boeed on iiie prcciietation of orimiam w riioephaie 
frono filmic msM MdiitiniiS ami tl» reengnirinn of complete preoi- 
pitotiou by looting with fjolastdo femxTttui I0; it ia the conreree 
of the pmu’sh for tlio ^'o1tl1Detrir‘ detenuinatiim of phoeplmte 

Ths efiiW.'mf •/ in prepared dh^lving 

■9.835 pmnH of hydrie nMio plionphate (Nji^P0^i2lI,0^ in 
water and diluting to 1 iitt*e. 100 o.e. mH oe eqniiuleut to 
I giuifib of urauinm. 

T^o 1 graiu uf the soTiiple (atf if poor in tiramiun, ■ graai) 
liul Bopimle the unuumu riH devribed IHmoIvb the preripitate 
b nitrm arid and eruiotnie to ■ small imik, add a ifraniK of mdiuia 
hcetnte, dilute with water to xoo c.0., aad txal. Iltrate the hodl- 
bg soluifon with' (ho Mxliam phouphate till it ccuseeto give a 
knwn oolonniiiitn witit pokaBom ferrot^anide. Oelcolate the 
pemotige in the usual wag. 



CmAFTKB XrV. 

EAI1TH8, ATJIALIHrS SA£'i‘nj, AI-SAUES* 
AI.UA 11 XA, 

Am'HTiea. t])o oxide of (AU),) u found is natal 

piin* ir the uiiiHuaJ 4i>nJL<1iiiAi ti.uiseiDi-ntnnileohiurq 
Turiutiw oi wliiidi forrii iho /oppUie find luhy. A coutic 
ttunpart taripty (>(>jiT.n!nj|iahHl a-H)i oxidu ni ii-ou .’'lusiUufc 
fibery. Cuui|h>oiiOi>(] with mIiC.i, kIiimiii.’i f•J'Ll^ ilu* kiat' ( 
chiyf^uudnuriyi'Oi'k'foiiiiiny liiimr-k < loi k'tot]n)i 

UkA us a MiiHtii of ii'utuia;. aiiiruina. k aU 

iinhI frtr llu‘ viiiH* |nn'p ) •(*—'tlfat ir-, 1 «i* Oio la’fviivliojf t**'’Milj'has 

of nliuiiiiuh Thu PiiiieiiO ciynluo u Ouorl iv of .'hi.KiiiMOj: 4iv 
oodiuui. 

(Airwndom i''«haMi*i» 5 r \ J/v. bljrl: 
fxtiejiie liardiu'^A. JU iIii’m: if ’S tiinii a>i< 

aiiuilar zuijiontK, which it. waupwhat to up 

jKsjrarus*. 

Ahiaiinitim is ueed fur a varii'ty of PujaU pllr|vlM•^. il is whito 
and vm'teiiiu'ions; but owin^ to tliu diJlicn'i^k of ilh Ksiue 
tion it ia oi,RMisiM*. 

Aliimiuiuui imuifi oiii* aerii-e of mlta whi^h clost'ly n'<«(nh 1 t 
tho6P„i^ feirie i*s>it. )l ffiitiiu an of douhli 

9 ui{ii)atog» Iniowa hh the nluuiA. CommoD potivh alaxQ ii 

Deteetios.- Aliiiujiia ie not }iKici|iit itod froiu it« add Mfiitiua 
by aiiiplmn'tted hydiie^^Uf hut it is ibrov'n down by omuiunii 
(with the otW vnr11irt)iii< a uliito hydiatu^ aoiuhlc i» iHnlnan^ 
bsolotilo in omiQuiiic tsrboDaio. Kiltcrt'd off and iputed, it 
ttwiuuoH, aficr tnsituieni srilb mtiute of oolsdt Udoro lOi 
lilowpipe, a bliio eclour whirh is cbamuteiiiciic. >Vh.h nuiun) 
ooiDynmndHOomainiug inotsllie <udiW this colour is nui'AisI. Ul^ 
more satiKfui'toi-y to fusb* a f«'l«nUia& ib tiu* wo vuv lunl to U 0 | 
the igitited o^idp. K 

Sopftntioji and Sointioxu-^Jf the «t<'«Mapcc is iiiHoliible It 
hydrocblcric add it in finely povdeivd ij.iJ with 
luirf ure ” with the help, in tlie nwo of corundiiiu (wbioh is vuf 
CffriicUfty) nf a liitJe caosijc aod« or pol^'dL The |aethal ^ 



worom;? u Mime nn Utnt opemti^r np k1»‘<i1<s. 

Sw* iiihUr aV//'. ; (.uiuittluiM i-miiol Ik* iii ‘W’l'IgvrooO, 

Ik e\m fljKitf, it upiMy Tenv lhp«> awtiynnd 

b^eonH's nful.uiiitt.. i uilb tiKiV Jt u l»(<st to »se h 

liarJ -Ii*hI luftftnr oixi «o bxlrjel il.o iviKicbn f’jttQf i]>'> 

linu>JHl fNtin]>!H w'tli {»ii; /rw.'* or tliliih* .'»d 

Wlien l So '•uUlfiiM'* }u. » l.•on^^^IH‘‘fy .ii uirb'd And dihsolvoJ, 

H is iir .Iryiie * nith 'Hi «f l.>’*hs»'Wurie »ii‘d 

Oiitbt* flitirlkith lo niiy Ih\s*'M it ulubb. Tlio 
risiclii'* '• b\JriK'hI*>n/' »rM atnl ln«l from liio 

aw* ij.i of r.t'ii.l liy tnrjntt v»f .•nlj>bur»*'h''l Tim 

8ltr»*i‘ iniL (/]»i I (■•f'l- tbi* •tiipl'iiis'i’toil by 

bfrt!in/t ■ HwWv tifinr'. ’Is-sl, tiiiil irt-al's} virh 3 or lo ifiaiiLS of 
nf it Nilutioio ii iit ihi*n ImhUJ til] tbo 

oai-Ip 1' . riit-'i i.M' Tli« p’l'eijmiie m fiJtorod off, 
igiiKtsi ] ufi'b4*<l 

it i* ‘-HH* lun- * it*‘ni* I to f'rifivd iia f« IbwHAftop 

Ijoiliot' Mil.t'iuiisUil !i\ '.vD'O ih« i^xni «itli a 

•&t<Io o'iiie iteiJ. U'iii u ■(•'ItHixti tMitioniu ihlorMe, Mini tlion 
ttniTii H'Im ill v<‘i’y ^!i/bl. (•'.i‘i*s'<, Iksl, (}lii*r, warb, Btid 

wciyli Urn oi.Mes. Th-.-* umiu'riUy ••onw.t of feiric oiido and 
ttliiiriiti.t. I* Ii- I pniiic* tbr* iron, 

iab‘ il t'* Mini lo osUirMitii du'obiiiiiiOk mdi*r(*cMv. 

Tills I jM Ih fiiiiic •siix'i ly i.i w-’.imut tn* byiim^Mi and 

ft-tiiM *5)1. llu* iron by tli-. \vel;*}it of i'jfy.*i'ii Inkt; ifl*, by dl*vtf)lv- 
iii{!wo> t{ui)>biini niid byOiouliloric and detonnliiiii;'tlio 
iiv>Ci ^rto'lly. ti rlioold Ik* iMiitie in mind that IhoM 
, (Ocitb•^ u'lH nU) «\>nuuii a.iy pluMpliono oside Ibai liai'jK ’usi to In* 
in lim uiiiit I'.d. 

In i'Huoivi) .iti.sh’HX of ici>opb*9 miitniiiing iilunniiu, it Bay In< 
'oontoiiKsI in IkkI) ibe .solniilii atkI iiiHolulilt* jortioiis. la ihi^rie 
cAMsi it is to ■'•iM'' Uiu K»in|tlewitli ''fueioti uiittorc" Ix'fure 
‘treoi-uicnt witb ut i>lh. The tdniuton in tbo fuaed mn&s vUl (udtt 
^ a gtnte iioltibk* in nridh. 


ORAVIHKTBIO DETEBmiTATlOlff. 

, fiidutioufi i*C2it)UTiIn» alumin** frro from the othor metala ars 
'•djiuiod tri a rouTimii iil bulk and nearly to boiling'. Add 
^oride of amuiotihnn, and then uDiiuonia in alijiht exeens; Ixal, 
hIJow to Hellle, fdkr, und nwdi iritli hoi wiiter. Dry tbn |nmpi' 
■ate, and iniitti in a pUtiumn orptatvJidn erueiblo otiha attODpod 
God, and woi»b. auhafAnro in ulumfua, A 1 , 0 „ 

• AI,C8,+3N«,JbO,f3H^t»Al/UOb+6Naa+3B+3S(V 





mitahi^ 53.04 yiTT u{ JumluinDt (i in only in 
cosw, Micli f'' .in‘»l» ’•i. i.f imi <t ‘Mj*! ih'iit 1I. iff 

MM nluihi: 1 >nt. T!ir> \* oi al'i iina U (.vniitiUy driven. 

lfftuu-1 {Oin.j’-iu i>. (ri'iMjiiiytun>iiU; It K n <4 nnlucod 
l*y {!', a r»«l li’st. li'uil*") auttnounnii (‘liloiido. 

jK*i«io.*‘ 'PC Null <<l 

Dircrr Dot jimuii tiG?i of Aian^iva in tho ProBonoo of 
H'*ii nufJ j‘-ji.i- .r,.| },/ by 

T^i ]>1i' it 'li vtlo' I ill 1 iV<(k<. aid jtnd 

Uiii irtiii iviMii I”* Jo lit ‘ wi.s ,1 iii«. J is t*-. )ilii •) )|fi| 

(if 'K -M'l*. *;i,. I IS iifii.•'I i-ill *'ln'iii’i'i'lfi’' 

l.lU* JtMi'll}, l^^• Ml*. .It/' V.l'ili'-d rt'Hh ili.i W'.di'l'. Th« 

tuu'uiiiii ih] i,i il.r* biiiati*. widrh I<< oiidifiM with hytW ' 

ridnricwid :md .•)> h ua j-mvijhI iw I i S;dmt« 

uiih inion«;hh. :»■. jih* *livt'ril»csl 
DotermiTiatiod of A‘u»u(n.i in tbn Pvrffo:(Mi cf Pboi- 
pb.'tiS anfl Iron. - !»•»■ c.-\ .11, ;» ‘.ini- !i.- I! T. 

ill ••! vf 1) li.il •■irj-,' «•. p. r53. 

X:i«'^ir M'ij.'cs i*l i!'» .‘it’ t,i 

ii'il it! 1 i*\ (■ “.I ir» .df •• .* jdi .-ii*'.iji* *».s itf t** ■•itmuto 
ill*' iilnminti, ,■!’ Jl-si, *i;.< n'lhiuslto 

tiio l'ri(«i> .III) |.li .If «rf .iIm'jw..' illa& 

MCi'iif ii.'c) 'J'liilion. |i U i>(«iilii'i) bv i^imstMihilhin, j/odlMi 
Mi'd jih idi'is'diaii'. \»lik‘L vauuiitte 44 .S|ier 

coni, of ulniiur.(i, 


EXAMIITATIOW OP CIiATS. 

MoiifUiro. • “Tnkii 5 fT'Ani'* fif tlji* dlji {irf|urod rumple and 

dry ill tlio watn-mori Ull (•li» nuiida !*) fMtksUut 
tiOSM on Ignition. ’Widn'b up 3 >,^.(103 of thf ^liimpln hmhI fot' 
ihp iiu'u'tiiri' dftoiiiiiii.iUon, luid ignite in a plutinum’Criu.'iblo to 
nsliii-'^i, (vil, v< iuh. ' 

SDica and loKolublo SiUcatos. 'ip tuiotlior 9 griivw 

M)f liie drJAi) }«knipl(«» toul jdip.' thi‘in in a pliithutm diffb; itioUon 
pvith w:i(t*r, ord iwvr wilii :o o.o. of )-u 3 x»iiuru‘ ntiii, Fv.ipontto ’ 
and htjfit gpi-tly lr» drr r off Hio i^wdor ijurttivn of tho fiw mid, ■; 
AiloM* tfi ffKfi; t.nd tlif (•{•ot'.ttjun, Kxtnu'i by Imilingi 

with dilute bydf.ifi'l nit iind, 'ilt4*r, wi'-ih. iliy, irr.iif.mid wiigh.a 
T)io qiiiiutityof insul diip hilu’.dus U di1ct*ii;i.i0.l l,y dixKolring.l 
out till* hOfnoMUtd willi n ,-tp'oitg lii*iii<«^ Kidiitiiin oi Modinisj' 
curlx'DiilUi TIih irddiif (wih'tis), di'ii-d. uhd igndiid) i<( weiglie^ 
and sift “mnd." 

Aluminft and Perrons Oxide.-To iho dltrate from 
iftiioa ti«U “WffU'' eolutioD till noarly oeuLral, and then eodin 
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•reUtK IVnI am) iiHerihf« n<V!ino tiu* li)fjx(o. 

Db«i>Ur Uio pi’i'T'jnUiU’m i.uU'ix'thf lio 

10001*. ‘l)ivHl** •! icoo.!; e. (*}>. Ii> I'li ■<]• >im 

ihe ir(‘i) bv uJniiii/ .■im rir.,fiiiif b< tbc war t. 

folnruMri" mu». r.iifulH-** ll.** {-•itv 

t}imt »»M‘ ItJ'M'Ti** b* th* .■•v> , ll « 5 . fi {iv Ul 

firiico\(<K\ Ti* Oit* oiher pTlv*' niM in i-.v<i'»5, 

anrllv^it. nilt*!, WMvIl vltb ..-I 'ac^l-b }i!l 

njixfvi jiaii:i mirt f(irir Tiii- •wop'lii «'f Iht* luu” 

bnrt lilmni)'ikvii tiHi'ni.iiml i<' ili'* <iL'.i .Kbul it, iind 

tbn (litrt’ji!!•'(* lo l-b«' wcial' 

Xiimo.— T«* \iw wivi'id . 1 ., .'j' by lU'-iH'i-iimn, 

Aibt aiMi'i'timih ‘tN.iUiv m.'! iuku^oum *. iPVit 
. ant) wv'.b «- 

fiou lb" tJtra • by .id )b.^ lAxHiiin 

pbi«a>li.i*' r t' ’W'liilM cl fi« Tji 

Potttfib .tn<3 Soil;;. -Tn— .i-c ^ he a b- i» 

of lilt i»diL(*le by l/i-iiaooSiin'i’hiU'iJiihl, iwduiiiib 

TmiiiA. 

Till* >rt an 4 iyMo oI Ibu'iu’c^ T!i(b ft la oi.iy in a 

few nm* luiiiiMMli. It ih .i Ihi^vi uOi!*', b.ivnns, wlh'ii rM'oi'^ly 
Ignbrd, 4 siH-citic grivi y of \, 2 . lii 'iv mdiiMn of 

ana))'i>iH it will be and tn a!iii*iiuw It ia 

ge^MtmleiHroiu (Iiia and mtll<:> bi lb*- mafiiod. 

Tlio iiiJiiri^ri hi liwbin'Mfn,.‘idd »r iwriy n.MtiMliHuf . ul tiion 
. bojied wiih (ukUimm bv|if .nJi idU'. The- .'k will he in (>•* iiii- 
dpitnd*. 1( i.i di.sM»lvo>tf iiti>l tli.' HulitUtiii IkmuhI viiib .‘itukiiMniiim 
Oiabil<oill ('XOUH. The prLi'ipit.if** Is ^lioihcii ^jralatc, whu'h b 
mudiiKl wIMi hot w.itiT, drill}, ami iguiie'l. It b* ibitn wvl^he'.l 
aa thoritt, TliO^ lltoria wliith Irm igiuUid b> hot risulily 
aoiuldo in acuU 


ZLKe()XT,\< 

The ondo of aiii'Ociinin, ZtO,, m hiund iu the minoml siitir !i, a 
^iaecate of zunYHiia, Zi’KiO^. limt fiontoil iiiU*nM‘ly it iMHOiues 
;yery luiuinouH, lUid is iikmI ou tJu.s Am>uiit for iui'uudehr^ut 
^Tighta , 

!• Jo the oi*diunry minai it in iliniffu ilonn by ituiinoi'ia with 
other ftvm which it b thuti :—^Tlie hydntieA 

jvadpitated in the ooid, thd wabbeJ with ir>til water, are Juaulred 
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uiiiyilr'ji‘hti)ri*'miiKiieKrK ueidmliiinl ‘tiiKstwI pwlvitjtal^ 
Yy boilitiif wi'.h ».f r>iwil»c; mid ftvm tbo^ 

li\ih(Kii1«rii: jiHil »«Iuiiou pitrijiits-te ilio Iboria imy) with' 
auimmiiiiin imWt*. Ti>Uh odd nf bMiitoiiiai^' 

wbw'h vilJ pnf.ipi:4d<j .luy ti>tMiuu< p»*>. I'l 11,.- i.h'OitMi vi'!ll lie’. 

in KuItllUD^ HLU W ' I V* Utj |Vi»st 4^il|in sul* 1 

|>li«tc,fi‘l>y(*r6|)0r.JiM^»tfir*'iCilutii n u7j«) ii;r‘jf.*ie It JshejMiufird 
from tUiiuiiua by of iIm ir.-ol’dijhrr in jk({;i«»o ' 

Iiydmie 

It i'l eslintaM in in ibr : ■ -Ti'C jwaibnrd 

BuKtaiu« i. fn«Hl Mi(h l»». utpliatc of pv>i>» -li. u' •' Yilruofud v, Hli 
dilotr niliibuitr ociJ. Tiio ifsiduo Ih fns*-.l u'iilj ewts^b* so<la nud 
cKtiracioil vut«’^ Tjirpo»fi‘'iiiio‘ dKsol\t‘d. f rir*. 

(■imtitnoi kkK ir db'olvid ib bvilitvliloiv.K'id Tl-. ::ni nm' 
dilutod, tilieitii if msiVNiry. ou*i *^ith .itiiii'M .*• i<i 
Tl»o piw»|n(!iip lIlK'iYvl v\] •s.'.hH ».iib l'»t d*Ml, 

and triiulti": iki »iiro:ih 'I'hi'* b a A-bm pi' lor^ 

wbu'U in iusolutiit) ii. uida; evnu h> l•Td•‘olll" l ir :i;k 1 it. is only 
(di^hUy atiadkHl. 

OriiM'W. 

0(‘iium<N‘cui’HA^nlicnto nltb lltc oxido. ol ‘ 

nuin, iHdymium. imn am' o\i( innO in tiie> lui.iciol in vjV^ a nicli» 
t'liief NHiiva U «!'■•« >Ainim a*! ii: r.om.yito, jud aa 

llnorido in fitvo iiti*. 'I'io* ovabiLp is 0 efi i?j iMiniiroK. ('i'M'iio 
tbriUotHo f'ltti'S-os of comhp Ut ih'* uxij..*, forciM *' 

nxiilo(C>«U|^umlmv Cmiooml*of tonumw-ith ■ 

volsiiik stnda yu'lil ilioMdr on i^'uiibn; and tin.*, oii 'doiifn la 
bytlrudiWlc aciii, yioKlH in r(,ui\ cMondfi am] cldn; ino. 

In the onUmry (‘Oiiihe Ofiiaia i\ flittmii dtnni nbioi^ ivith 
aiumiuAaui] Urn ntlu)!’ oartlii; \y an.inonk il ia lu jirnitoi] 
(iiNiulvin^ the lixdrsitis in hydiwliiiaic atod, awl oxuliitii}'«ita‘ 
cblurine irafer. Ou tiiAiiiia wi^h nxulir acid, cmuin. lantlumum, 
end didymiuxn pro pi’ec'i|Mta1e<] as iiTfif«dxN<, whicli ori i^aHanD are' 
oonvartud into oiidtiR. Ti'tMiarohohiMoinneid}!. Tlicir •'ihrij«n, 
in bydroclihvic.aeid Ik iii«n']y mMitiMliMfi; ooutato of lioda ii 
theii added, and an '•wo-’h of WHhiun hyiwvbloriU' Oii iKiilin^' 
Uiooefiuwin pretij-iralod lut dioxide, wliiili U hj'orod uff, i/^lod,, 
and wolghod. 

Cerinm is doieotod ]»' giTin^' n ii h barex 4 1«nd xvhioh ia y«naiiw| 
fu t'lio oiddbang, aud (HilonrtoNX in' the n* fiioiug dnnie. Traces fif; 
coiiuiD oowpoanda boiled with dioxide of kid and nitric and iri 9 ’'^ 
give A yellow solution. 
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LA.'TTfANTJM 4NT) DIPYMICM 

''occur topeUiai' with teriuiu in torit<', 3iui arn* h<*|^r. tr/l wi!h tl it 
''iBClul Or* iiXHl'lhv*, KH ui}<l(»r / ViVr/ 

\ J)iHyiniuiD hnvc tt ro^o or vi'olol , atiil ^Vr'hi>Q 
in imRiHoiii qinuiliiv) th<* <<m<s iiikiur f<n lliu ttnul. Solu- 
■tiorih haw n * haiiidfmtif* RK>4irptJoii'tfM'i*li'uiu. 

'* Tk* y^mmiuih of hnUntnam luni wdpiimn iit the wiluUon 
frcnu oonnm biiH \*«‘n p>‘«‘(*ipiT4iM«l is pflVt'Uid 

dpitnting Ui<nn tunnki ’m utul <K<Milvnig in 

diluto nitric Tbi^ kOnlion is Uirai tn diyitess 

.«a<l ignilrtl, fur n fvA just K'Kw rwlm>s. A subnitmle 

of ilitUnniiin U> fiiriu'sl, anil sis un insoluble ti'sMiiHOD 

estr.iduiu b**l. water. Tin* vjrufitwi sdtn nro frituletl with 
‘'anunuukuml i;;bitodt iuj«] wcialHnl us ozidi'it (l^Ogami 

YTllllA- 

Vitryt i<ib>nnH in giwloljnitean ) othor mreuiinoRik U 
SK pio"i]>ii.*(isl aliit g uilK the other cunhs 1^ KPimotiLi. U is 
.•distiiiiStiiAlusl by tUo iDsolalalhy of ile liydntto in |iotarilt, 1^* the 
*iWM»ln)»ility of H** ojuibue hi oxiiiu* wid, and by not iwing jui'd- 
pi*. '.ml by hy{M»Milpliit‘* <>f i^ods*. di* Kiilplmto. ^ulLer, 

'it is prii i]i!ktc<l by piitniih in tho {atHouci' of krbiHc arid s4!< an 
itiiidiihlo isrtr.ttf. Tins ntictiun distinguisiies the jaendiuts of 
iho group li'otn most of Uio other eaiihs. Tiio other mein* 
■bers of the group rbts>ly n'scnuhlo it, and aiaon^t ^hejn are 
^jerbia, U*i‘Uiu, ytTCiina, ^eandiit, ifcc. 

BTSUYMiTA. 

Tk oxide of l^ryllimn, &*() (also known as gincma), oeenra in 
i nataro mainly aa sitirate. Buryi, the gnxm traiihpiu'Ont vnriuly 
^•of which is lliu emeitiM, is the b^t known of these. It is it silb 
cate of aion>Lna and be^ytlia.* Koine othei iiiiiiemis in which it 
occow are phenttkite, eutdase, uud cliryeobe^l. 

In the orliiittiy course of an 'lysis, k’rylliit will U> predmtnted 
'witli alnmina, Ac., by nxiunoDic hydrate. It is distiiiguiMi'd by 
. the fiolnUUty of its hydrate in nmmuiuc oorbonnte, by ikA Iwing 
^iRdpiUted I7 boiling with uodiinu hyposulplute, and hy not 
pitioipihiUNl hy uimnoigo snlphide from on aiimuiiic 
L'earbonato RoloUon. 

h ,3^ Hiislyak of silicates oontaimng t^nyliia a iliua efTecteJ. 

• 3BoCMU.{b.69A- 
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llif finpW powiler^ tolwt/iGee is tri(>L hnro iis weight iif > 
prtwsivtn ■t'fbmuile; nnd il.ft** hk-H *■ wiOi ‘V.r.oi'futid' 

O'Stlj (i slijriil i.'f UlM llj« 

mliin uii-ilubl**. IWI wilb . n* t.V Jil- 

li'at** imtil .viHMiK i*»'v.ii.il'nn 'hil Tlift 

liqiuiv i» li-iiiani oflT Itjfio Nvunii v‘i>k)> 4 xlii'idi J 
gajIhhvU^. K'mr bvitrah^ .in<* .'Uin.tiiri iv>f )>o 
Tbcv iin« ffUmsl luiii ]»•'•> i|rii ii>.: )‘i .luufi'^ 

air ftirbcMi'iio : i\,> r>>‘tl'iUni !)li.r if.*, 'tit* for 

■riuc^ CivM. and noi.iilM >^ah U ^t{ 1tie 

airbou liioXidn off. .in<l'!jr I r* •'^>t \*> r l^•d 

a.*( with auimcMiia 'Du* Inili.iti i* \\ ivith h '4 

ai*i< r. drii'd, ifjri.itfHl. iinU wv‘f]HKi .«»■!!■ ■*». 

lSi‘!yiliii hn^II pTi'jcv of ; »/ h • 

find iuM‘pilil" iti w.*»lfr iNflm ifiiMii* i, •{ I ii '•:• .*.* •«, 

cxiqit Mibi’iimr, ir h'n 1 o»’*h1 - ;•!’• 'i> i • ‘i’« •» 'S s ili.-h. 

, in a rt’iltituMj of (’u< Ik'ii .10 ii mi ll•'‘l >« |>i‘ii;i'Mtti'd 
Mi’Hilfi'm* o>;, tMM'Uff in }i .j pWIi'i .i-i'* • v» >'«f.'oo* 
aiu n* TJi>'hjrj^*' i' o'lvit" i Nguuiin 

of ammoiuo cbk'Jidu. iduiiviiii vi „* eriph ui 


THE ALEAIilKB SAETILS. 

LIMli. 

lime » ftJi ojrfdo of caJd-nn, <*»</. Jt ofoiriv nbuMl'inily m 
nature, iml only in a hiskW lYont Hif \uvliMimt« 

found a& iimesbono. HioU., au<i o(iu«r imtLk, hihI Uie 
aniieinlf* caldt*' arid in tbe io(«t 4 'MUi>u»idj Oiinuiing 

ooinponnd. Tu<> bydraUnl Fni?{di'ito. is 

rozumon, and ie uhwI in Tmikui^; “pi/ot'Tol Pnrb. Viiiiydrita 
(OsHO,) aleo oixan in ru‘k uiaer-es, niid i.< ofttm with 

rock Wilt of liuic, in Uiti fon'i-i of opeuiiCtHio. phoritei 

oopirihof hi\t is largely mined, liiuo is a rtmip af most 
Tialuml OaJfiiuu dImi'J t>‘nr8, r^unlihjod avIUi fl^'a’ino, ia 

t)iu uiinmal tlnor(fVr,k Ja niosc (T thnw tne nrsi >i< Uieim- 
porhiut |iiit of liio juinoiai; it is Mily <ho cttrlrmaln lyhich it 
itsed u a fomoo (tf liino. 

limO) in addition Ui its use iu morion eii»i issraentv. is m'tuabl< 
Ml u flux ill tnetallutTjS'al op Ttui«ois, ai*'1 us a in oheinM* 
«s»rV on u la^ ^c. A zoixta^* of iluc arid imv^oHla is um 
izL the niaaafiictun of basic Gn>bri'i8. 

Curbonnti) of iime on i:{nitiion, ns|x<ciaily wliea in ountaot wi(j 
redneiag subeta&oeai lones cai-bcmio acdd« aud beuomes lima Hu 



kT»o»«n ; w. *. irotw it Wc#»mm 

faol, cs|<i)>«^(s Biui )i ^ til 0 .>! '*^bl <**[ liiMf**' 01 ciilnutn 

hydM'c((‘wn^\,j. ’i ' 

gi'.'W l* J.,'*:. {•.; !»l! .'inn i> k-MiWii {»* Ip'.' 

wuitsi (Vi inm .* iii> <•.* ' tti ttl io 

'*1 ! UH'" 

.'.'.a {Jl \ 'i L'l.'ilj ^■'(h.T *lh Bj’•,I'| l-HlUC. snw 

form ni*l» '**' •' * !'• ■’! «'• (MUii-'J iv in ’* »j ii'>} lory 

♦iimI.I'*; h'** vv!.*i*. .ml (.tlit*r .aiil *v am pr>>M>ut, lu^ in 

‘'till ill *!«'> i itB'K) > J (‘i\| *!:• niKiiijiii) of litttv givcw a 

v<*ri f'l') ‘ ‘ l•^* 

1 ).: 'Oil 1 ** tl'i‘ ri'iUrnh rtilf'uv wliicli 

ft* S.llr i. 1/1.1 ' « I'n* r..»l.ii' ll is U't to llith hVillD' 

eliluiit .v:} m :< • • i> •.! vui .*(h ipmI vitli aiiiiiio- 

Buai* Ml *1 r iht/ .''.‘V:<n>‘u iiitii tl0 llaiuo. 

Wl'.Hi 'j ;.*» .1 pj ''•M -'* •. It >uovk 'I Ii>rg« iiiiiri>n‘»*of 

Kiiss. of n'h ‘II « L .«' * 1.11*21' .1*1' ii/t'st luii-iu-o jtfiJ fliJir- 
Rc1*Ti«ii" t'ciJ.r.i. ih {(•••Urtsl ’*1 'Oliitii'it .aftBir ri’iiiornl of tho 
DifU)''I’)'st.il. h\’'hO^^’<Wili<i JinilliOJiiuui 

fiiilpiiiMv) b" y* St li iiuliiiuiiniiu oxiiLitc aii>l umDiOiiiiL Hio 
linii i*- !.•{. mut*' as a »vl*iU‘ itatt** liiot* iR 

dotii.rM] *•>( lifi 'ilk'ilhK <*: nl..^ Iiyloiinius*iKulpluiW 

boohi *!(' m .i'l.it.* Uit h 1 / wda**!? in h loiilug 

BCilUiioii 01 .liHNi'.M.'llil ..IPjil 

Diia ••oiiijniiihils am fwr tin* liA-il j^iW .'iIj'Ii* In ssal. 4 ‘rffi*iii 
dSnt" ac' l. fJiikiinn tiiiuiitit' uaoit U* ibu ron- 

vnic'f ‘iro l>s c\*.j.or'iiI«n ni u plnt’Mnn oisli with 

uetd. .liL:/! > .av o{K‘tu>l up by lu. 'on with 

**£10.1011 mhture,** iis .il uii»lej‘ * 

SopawtioTi.—'I'll-’ w jiunjt ion of liino Is t‘tr(vt<‘d Ig' orujAndhig 
With hytlrwbloii'! ntM. to M'jitinito riHi'R ; nnd tiy irratint' vitli 
BoljJini'PtlMl l.vlni^'oiif !<' rduovi* the rii*riii)i] gioiip of nielali. 
[{tlb) luliAtanfo niLtitiiirt Liuoh in 11, IIk* Kointiun i** D<’\t oxiiU^od 
Ixilii'j; with n I'S'lo iiitno at')*); auJ tho ifoii, aluiiititii, 

•TO n*movpd u.* Uuh* aeiMutOft. Tlio Ii!tr4t4‘ k ttfatod wilJi am- 
znooia uiiU Biil|i)iiin*ttt‘J b>fh'Ogcii« ih i iiilu'A'eti to wttle. Tim 
filtrate fiom thi^ is iie'oted to ' oiling, Iveiilod with a Milutioa 
.i&uiiouiuni oxi'tain in e>(0!9ht l>uilod for five or ton uilr \teif 
illowoil to sctllo foi half lui hour, luid tiHered. Tlic pnwi^UU 
‘Mutuiiiii ah the iiin* un aJeium oxalate. 


OBAvniETBro hsfEsatxsAriQtt. 

■. Hie prcoipitati- of (Mlclum oialale in B^udiod with hot water, 
i^lriad, tnuuifciToJ tu a weighed platinoin cradhle, and ignited at 
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k (rinpf'i'.d •trc* xu«t f( 1 )wo iwlnowi Thw ifuitinn ora 

^frtf tl)0 rjOil.iU' iiitu luus uiO> e^> 1 iitJ<oi of airtotiic oxide 
wliici* buiift 't: !lit' of *1)0 imiMo with a li 1 ut> Hama* 
(^Mu*in!>3 i> tiiut'l i|ii:iiKtwj ui ilu^ oitIivikiU'Jk id Mmr time 
ut)j.\(rU t iiilo hiiK 'Ivi nx'uiiifoit it tia'lNuiaio,oiuiKtex 
with a of MtniKiiir rr.iU»«it(<‘ K/ 1 nlu»i Ktid drj in i 

iruior-ovoii. |.iii:iY imi .1 ruriMi‘t Ininti'itHNtJ, r.Dil weij;L 
The Mill kiiiiiO ic- ‘‘J 'iiim ‘1 uiul iitiitnitie $6 j[)ei 

iinil. vf Hmc f(.'u'It >1 vliiio juavdoi', nud tiliould fliiow bc 
alkniiiio wiili lutdt'.oMfd 

WIktv tiw* pi'ViiiiUw irt Ktrell.h is liidfri* to 
OTOi' tiiu ldow|iijN*, and dimK-lj* ks Luhs Willi 
qimiitUirs, and v.'Ik'd niiiiiy didHitiinnlions Lnvf' ti> Iw ta.Mlv, it tt 
oiMur 10 uuKo tl" d<‘(>'V.i*inatiOh volniMcH'itMtly 


VOTnidKTHIO M-STUOPS. 

Tliero :«n! c-n, Ii«'i.<>:t' 4>r > i}>i‘ •*\ablo at micr in 

diinti* .!(<«'« Mill ih* <*>.v ndii ;i»‘:rr>.tr^ aiali of pota'^ 

wi’»ii ‘t'liiiini; orlr, Wit tiihoaudriirJi'mftJc, 

and dileri)nTiiu;r' ih'i(ti*'dUti;r{lonvi*' lUi tin) hUmlanlKilutloua 
of nonl nnd ■'II.*tN * 

Nitration vitU PonBrLQg.>iate of Potemoxu Solution.-* 
Tins it.))uiioh is liy $>643 gnntifi of tho Kilt in 

aaU‘i\ i.iid W dilutiiiy 10 t Utra; loc c.c. rnx* iM'.iivdoiit t/i 0.5 
Pftiiiu of li'iin. TKi' M>>ttiion it* Klaiidimllscd ]i\ a qniuv- 

tity <it ovaiir ai i<l iiPtia to the liMo iineiiTit in tbe 

a'<Niy;o.5 piQTu of ‘luu. is isjimvilrnt to 1.125 ^ani ^ 
liftod uxiilio n *id. T})i‘H((iiid><i‘>l:9iT^ may lia dmio wieli irai. The 
i>ttiii(l.jst foiihd fiT iron muhiiriiud b)‘ 0.5 pvee that for li^r. 

The pniceri-iK on folloAK:—eaiciuio oxakto (having l^em 
pr»'.‘i}iii \'>c<l 'Hill wi»dini, ne in iho tfntTimctrio prooeKi) is wu'>bed 
thmngh tiie funitrl into a i1.‘>slr with liot dOuIr Buiphuik ludd) 
boiitu till ilih/MVitl, diiiilrd to 200 rjc. with wider, and boated U» 
^a*nt Ci. TIs' ^ta.ld:(l^l isiiiition of ** pmininpaiiate ” J.* tiien 
iitn ill (not too qiiich;,', and vnlb (xiir>tant slioklng) niitil a 
maiM'ut ]nuk )>> |)itidu(iHl Tlie c.e. lusl uiu!M|iliv-d the 
sbamlard, uu>l dirhhsl 1)> the weight of tiie eulAtruiw taken, wQ] 
give the pereenUi^ of Iimo. 

EfltUntttion of Lime by A^alimotry.^'Tlie icethods of 
di'locrnining the amount of an VlkeJi w basu by mraos of a 
itbiiilarrl arid eoiMtimi. or, coitvrailaly, of deh^iining an acid by 
mnuiit of a btaudai-d nltaUno aoiutiou, are (to cloaulr zelaled 

• OaCyO, = OaCOy + 00 . 



LIUK. 


RjfcpX fti^ fwt i>,fiMUt9rpd lUiihr nriL' Jivail. 7iib nunu 
^lutifiD 18 0|»j)luviMe for »• ojy miuK c«An 8 ec[iu.>ntlr, it 

fis cmivifisipiib to nu> •< ii o 1 ok it that ork» hirn of i( 

rkbiill oiiiiul au oi|oiTn]> ol in nf imy «>f T.ht- huWUii<a> <o ..f 

^di‘ti‘nnrii>1. fcfiidi .jv it.rpi»,| ^*0 , f, Ft.v >•> a 

aDlnii'Xi of liVilnvliiorio u <'(4 (lii is 3(1.5) ooinulnm? r j^nouis 
•of umI ar-cil |t*T Jilri'. ffMiUl U^iionoiil ami of inMivt’lout Rtr«t)^ 1 i 
to u sohiii*'!) (i<nl<iiniii^ oidioi 17 of u»ui<u. 1 >17) 

or 4Cr y; m- of liuli'nir (Nulff>«-4oi ft^r lifn*. Ifc Mill 
be idon ill niM's tlinl llir huinai Hiiolvtii rr>iit'Uii8 il'O 

mnl‘H‘nl.ir ^ 01 .'Mtiii: * p>T li iti; and. if soUiHoim of IfIicm 

Yio tHitd**, il v'il) Iv' f'. jud tluit Mcy {KVticji'i/.njual con- 
'tiaii'}'. will.'. 

If. ui.w. *1 i..ii ffr.ioi*. of Mulplmrw add 

;S) yt.v ' Mi> re ii'i.M. :t mVI •r* toWid to liftvo twUfl 
the i 4 n'»i»ili of ;fio <* ili.fi’’i, tl.»! i*. loor-o. of ll»e sihIo 
iroiild JMTj'ili'o 50 <v' of iiji' m-i'l »•» }imr.Uiso it. Tbe 
noMiui tor liiiA idl) U* vH. n 1.0 flii* e<|iiiifioui(:~ 

I- Jl( i - m I ‘ ( 1 , 0 . 
aSfiliOi M.". ,v.,yo^ I 2H,0. 

AciiK lik»* M It'liuvu* ud ' ..J*' la'ninu', ouif thdr ('(pnin- 

(Jctil iH only tho o'.'xisMJai' ivd^dil. TIkh. 0 jionjial 8>*l<ition 
•of Hwlj«l(.iiw* iiiM woiiiil •viji.'tiii ,|o ^r.ijU8(U) f*f vi'al mid per 
[Htrr Hiuii!.'ii1>, liiu*- luni mod uf tU*' Wcr. ui'o my 

^ tji .'11 fn'iii Mil loU 111»’4 ‘ 'iM.Uioitf j lifttiv rlw equh.'luut will 
^ liaif tbo ii^lr-t'ulur A*i.i^! 1 

a-»a+[r,o. 

?lK1 + W^Or=M'.,^'l, + j|/). 

k. 77*« iu>rmftl n'J'ition ttf hjtlfuchlffrU atid v made I 7 

^utio" >00 o.r. uf the bfnm^ Acid to one litre aitb water. Thia 
jrill lie uorrnal. Tu order to determiue its oxtu’i 

^‘Dgth, lip 3 miM of i'weutly ijioitcd puru nxliinn 

IprboiuiU* or ^ Uio v.nnti-d Ifici.t'lKn'aic. Tmider in a fliuO? aiiu 
jAiffoive in 2 co r.c. I'f imtei'; mIicu dMulrcd, (smI, tint faivMj 
mluw viUi n fcM' (bnipa of n iiulniiou id lurthyl onuigr. and run 
b tbe fdAitiliml froui a burette fill the yellow elisugei) to’ 

E ^nk. Itoud oiT the nuiult'r i‘f c.e. lined, and eiileiilate to how 
kidi todium (!arl>ou.at« joo&yQf ibe **(uid‘' are 
If tbe ** ftflid '* in strictly noiiu^ ihi'i will l>o 5.3 grams, it will 
Bnhibly br equiTiih'&t to more thau ibis. Now calculate liow 
(piAh sbricUy ncamil add " would!« eqairolunt to tbe sUndord 
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foimtL For putnplf: hupi^Mr* the MniiUiird Cuuxul is 5.5 d 
•odium ftd iKtiiAU*, U.cii - 

: { : $ ? :■ KO •. J 5 

^wJuT*] X is tW (pjwni Is» of “.ifM *' ro*]u'iotl), 

; ■‘j ^ y> vA'. 

To the w.* rr'f.Ml'l thm adc 

3.8 e.e. of watoi to e.-oh 100 *. of tlu' si'.inlimt wrliifiou Tvinuiu* 
ill^^ Mu|ipnri(> iiur. v"«'iv oft .jixM'. o) tl^* 

35 o wuliT uu'i iNxitltini nncl i.'IAid. It "hould Uiop Ik 
duvlkOtl by niioilii'r lihiir oi miiI. piijM /i^liiun ‘lU*. 

yV»C A(. 7 »o,' i( , 11 ’, iirU‘tO 'Jin fllluili 

for^jei'orttl iii,i, fut.-sij.c it 1-!% ibiule m* 

ill (I i Id-vt to (Sill <* ilot'i'ilf I'll li. ivt'. (ii'r^th| 

01 mi hi-rni'iL tb<i* liSiS' of uib v>ii;or> .cr.'s ot 

.I'Mi.o'iM (Nil,) »!)•( 10. » '• o/r udl ir . i.riitr.'ilrij^ «.'r.orth 
nornrd " T« 1 .* v.: i »*. o? imwo'iisi m 1 <IP ito vith 

liiUi'i' '< Mf#. iiifo .1 .Ii.kI; .c. o* o' .Ik 

Uol taiili r>>W.iAr ,> ,. !••) i)ii> iruiii ii )tbf 
•oh.tion (4 ‘la'msiJiif tii r^ii. iiis. .oi.u i<so (.is vill 
pmlgtiily bo hiu.x. ■ o- ,,o. e'i\ » tiuii' iJi.imM 

k>ir liCHi 100. iluiv is .1 di I iv'f «y o? tiiA'. Th**ii, for rarb 
05 v.ii. *ti -t:inil.in) Ion. ibl 5 kw. of waii‘»‘. ncU iiili 

moH. roo or. will 'u-v. Ijo npiivHh'nl lo jjO I'u. ot tlio ‘'m’M.” 

A.s nil >'X:itu[ l( (rf till* nppho.djo'j *if tbiti lui'VlHiii, lie qiav Iftks 
tii>' < 1 i loiHiin.itioL i«f liiiie Ill uiatble, and dtuilav sub* 

Dfitormiiiatio]^ of Lumoi*t linnOKt.ooo ••Vi'i>i;rh tip r ^num 
of (Jm driini kik j<1o. . n.l iii :5 *'.0. >if iitirziin) add, rod, 

rliliiir lo 10? r.c.. iii-t UCri.tii iMti> U>o •if'tiii iiuniia) Adiition ci 
alkali ftiolpi: &jt'ihyl*oi>uti;>' of aa iiMliuitor). Pivulo the c.<s. 
of ulkr.ii i^d tismi 2^. and mulUply 0.028 ta 

iiiu] IIk' vteii'i'i of liar*. TIih moihod in not aii^tlxible in tbn 
pnjiUiaicc uf oUii'r cirUniiitett or oxideH, qdIisk tbe weight of 
tlieae (fubsUnoaH be iifb'i’Vhvda del<f*ruiined and due oorrectioo be 
made. 


SiritONTIA. 

8tii>iit>iH. the (ridde vf htnmtnini '*St 4 t^. u nature ai 

sulpheft^in lib* iniiien»l ciitcbtine and a« carlioitato in 

itMi.liiuiite (BrCX)|}. It itt f< und in hmnji ((uiDUtieii ir liiDesUme% 

•buik, «fcc. y 

Strontu is used in su^ refinW, and the propnnikm q| 
eidoarod lightt, 

SoteoUon.—xi is detected faj the caimacm eeJunr which ^ 



BTKOKIU. 


^tumpoiindf (wV" ■ f.*jl!i htJm-liiiiii** usi'l) iui|iiiH to 

flftUKi. Tiie r>butv. u uf oi uluoii 

ft red, an oiaiun*, .tf' * Mik* »m clurjiHfi j; (i \ 

tu ot ii- but ■! 

tlioii).n'>Mliili(v of iU ‘•'tbuutU' in :i '.'•!!)•> soin'iMi 
uiuiu {'Hti bytlin ii. •bdiility of in ulcnjiul 

ypym iMjyh. wiiMi it al<o t«.v ll Uy ik4 

ait .«n suoti-* ikui v' »>y thii 

flolubiliiy ol n.*’ (hlfiOu* in tibohnl, and by lii^fm^Uiut iWfUtl* 
pLuto ^ iitlo on Ixulbi'r \«it|) a HoJulioD 

lomjod (>/ ^ ot o-irU'iMt*' riinl i nl [iritaAiiiuii 

ButpliiiU'. 

Jl. ia ffot ii>t<j sol-rion mi lit** itMrioer at< liroo. Ttte «il- 
jdfittt; U* villi ’{.i-citQ TiM'.iiu'P,' oxtrertcd wiUi 
wntoi. And Mioh'tnMily widiod. Th'‘ r 4 «»>!'.io 'Aill iMiiUin tlie 
iitMPtta 0- vfit'td* i** ^v,^^ly w lt.blf In diluio bydiD- 

cbloru* Of t.biii' i.fM 

Seperfifioiu—ii u of tlio silica aa*! 

metaix, uhdiN'iii.'vl iiii.liT Liim) byaililox ainiunnii au'l nm 
otouic vtilmnutf. ni.d /idiiujiit' to Mund for r-inie homi* in n V'tim 
place. Jji Uio nlMi>n<o of Uiivt.i or huio it it* filton*(1 ntr, :tnd 
irai^betltvt YriM'tttnui cartmnnto vbii’it (*niit!iiiiK 7017 jut ount. 
rfairoidu. ii i-peofkUvioil Imai KitrU by in a litfla 

byditH'lilui’i.' iv'id. tialiliii}; nmioouu*. in excit-^ and Iboi .tcidlf^m^ 
irit.L aoBtic acid, mid pixvi|*il‘ititto tli» boijU with {tututKium U> 
shTOtiiulo, AH'icHcrJIiKl nndt? l>'0*;/fa. The i^tronrja proripi- 
'Atod froiii tho filuMtt' bv UiJinj; for somn buia with .*■ Htmu^ 
loliition of anuiKAiic sulpLdA* fttnl a Ih Ue aumouiA. fU. •* j«rta 
if tuuiQouio Hulplmte are ioi|iu'ed fm* '*0011 pari of stmnti’a or 
iue piYvt^ui. Tbn proripiuito ia iili L>rGd otil*, and v ibihed firal with 
I srdui^on of amnionh* snlplutle, and Un ii wiUi alcohol. Xt ift 
Ined, ignited tuid wc^thi'd Jia stronliuin Bulphnle. 

OHAVIKHTBIC DETEBUIErATIOH. 

deiennmattim of 'dronbiA in pare enlaticms ia bed nude by 
dding BulphoriR odd is excsMs lutd alcrdud in volume cqu&l to 
hat the aolat^u. Alhtw t« ai.iod oventkhi, idtor, wuh wHh 
iiote alcohol, diy^ igidte at a it^d heat, asd weigh as aulpLate 
3 i 60 J. Tbie contai&a 564 ^ler oenb. cd atroufia (SrUj; or 
1.7 pv oeut of ati-uutanm. 



Uf UKkJOiQb 


rAIJYTA. 

Burta, oriflji M Ixin-uis cfiumnujly lytTinV oimiMiui 

ium wilii t4ul|>iiniM' oMili'iit Oif tMintiVi>} lifni'y h|ia 

an«l in ‘’‘i.vuK* iu uithcrit 

(IJiiCO) Tb'-Pi* Hiii'n-il'' ai*'* U'rf i.iK f»»uinl in 

ijuituttiy wiU( v:in>'u \u i •I'Jirrn.vt.Ml'c ii 

JwUs. SuiftH .t:iN yf ,’>« fi> it;*! ii 

niilMjii; (IhtnVu. \f » (‘•'hNliliifUt r\r(niM D.iircin 

Wttii'f*. 'IV mill’mix ut* u*.■.•ms'i! l-y iln*i‘ h^hriiL 

gruMt} {Uiil th*‘ir cr.-Uinsu** 

C\>u>{iiiuiul>i of mn' o!u*:i r.v 4 Yiy il*o ttoiivu, inur 

eh|A*i.tlly llio tllfrnV a?ii'Hu kjiIi*- sih*. ■\v*'j. ilrf w 
ci*(*ti*.M of (i 1 m‘ t(iil|iliiiU% . 'Ini **• io n,*'* v ,»• n lilorl 

acM. Ill i.u«fa solisimn'. >o(»!i--m- pn-l'a • t, sIiK- 

of is«nc .-uitl'a'c, ^ * MtiMiji* ii. u I«»■ * 

Tin* t'l'oxiMf (UiO,! U t-f 0i 

Mitttio i;.1iiImiii n i?|‘ o’vyi..i.*«l j •p»*\»*.(.*l 'i.lohaiyti 

(iSlU'), nf Is U.V« I M.-'* U»* -a. li ’ »']• t.iy -i fn-iu !hi 

air, 11* foMniii'* th. 

Dctcctioii.—ri.iLiuju lA I '* ti'f' .i>in 

l■«JKv^»IIy tW i*ltI'*ijMo. lo tWII.oii. TiiK, W n.*iii»j,ni^ 
dll' i>iion.ai (’Oiiij'iut<|Ktll'nui,ol \ li'«u uMn linu 

Ju tlio ^'riii uio mo 1 i'.< nmi Tin 

Hili * of Imrinjii /ivi' j ;» nirli siilpiiihfUvd li iliii^oii h 

vidu'i fit'll'or idktiiiiM* Miiudoii, iiuii wifh M.ljiburic ib I<1 tlicyft 

01)^1 j^’vH a I*'* vijrttule. aldi'li Is Ihsi'hiMi' i't ;»*• 'hi!'* /if wkIu, I| 
Milaiiotih tviiJt nJ fbtnd) acid irj'ili aaiic arid, ilioy ;:;Jv’e u yeilov 
Mitli HciljoiimlH (if jKtia'-h. 3 'I:*‘>k> nnioUuiiS an 
diitiw ti'i'iciMc of 1)(:i‘hm>. 

J'xir^tR it' pot into bolidioii in flat niaiuifi' dimiUil undtc 
hme! lid iu Uio ciu>e of dii'Milpltaui Uit* hnldancxi ik ftiMi) wit] 
tlii’H' or fonr linitK itfi wtn^'lit of •* fmon mkfui'e.'* Tiio ineH* 
u oitnidvd liiilb wulrr, woKhiti, and the ntadne diKoitod n 
dilute hyduM'liloiio arid 

Separation.—!]lio sr]iuraiion ia tltuh efiW'tidTlu* wddlui 
in ii}*dnichl(iiic arid is orupui'nttfd to lirytinK. n!-di«i)1vrd iirhoE 
ddute h)*tiiucliloi’io luid, and nilplimir M'ifJ i< added to Uu* add 
tion tiU no fiu'llirr iin*ri}iilfite h* lanuiii. TIm }tr(«f]>il(de I 
filUTcd oil) find dipMoil nith »t4oliilH>r if bOiiAoitiuiy n<idate ei 
of Hodium hy{>0Hu1}ihitp at 50* ia- 60' di,M))ve ont any Ifd 
■iiiplialQ. j'bu iv^oe ih 'iS, aiialiiil, dried, wid igu^a 
Thu ignited Kulistaius} ia ntixiai \iUi four *>t ii^ tiaee tU 
of" foaiou iiuxl<ar6^^ o&d fusn) is a pbiiinniu-dlBh orer ibe IM 





a f#w Kiinuti^. Wlipu it w ‘'itrutcd wlLb I'tfM 
nr^r, filtcmlf ujid Ttiu iMiJiio ih in Jihiie 

ttyrliTx.'Uoiic aei'l, ui.'! i\i utv^^-vin') idiei’e'l. Thi* • 4 >)iiUr)i coa- 
ibtt bsmtiiii t)nrJc' clib*tiue mixed. tijlli sdln • F 

fv^mtiiuii <ii‘]hu(*. IN) H'lttti.iie t)i<Ne, iimjnt. «i*- )eMe>J (Jifi 
wfluiutioTi IK A]L‘t)iu>s{>ipn fu**'!!!'tM’iil in m .it extwi. Olin)' 
uf Imx} tu )'< then tiii'im ti doa b, by tho additjnu of birhmunia 
^oT iKdu^li, 1.' a ycilcv priyipitHte. it in hIIuwihI to lilteMi 
?iUM uasliiHl u >ftdution of si(vt;ito or uf niirato •>( uiiiiuoniu. 
fit IH lnl^i, ‘i'xl uw^jdioil. it ia iAtf'tO^ and (x»u- 

yteina 00.47 1""'* ^ 

s. GUAVIMETEIO DETEEKXSATIOS 

^ Tho|minui(liieiJeti‘t'iiiin‘<lioiii>f Ixii^tn. r iteii lime and Htmntia 
j^re idotunt. isnti ii>ii<n\iiwTli(‘liittoiuif it iiiiieli Fito 

(•rill, is lUMily iieuiKdb'J uitlj . imoitLi, and iheit dilubnl (9 
llloo or 203 iv*. It .<• iH .iTini U* iKuIniir. .>iid dtbitt^ Miliiliniiu aoid 
^ Adiit**! till O'r fa)liiei‘ i.ik< 4 |) 1 .ki. The pm*i[)itiio 

iilianimni t>>.s>*i(le lor a few doMOiini tlihniizii a tiller, 

b^d wusi etl wilL imi auliT; .‘iiul, :irt>‘)v.tuU, dtinl, tiniMrerifHl 
>to A lYMeible, and ilr(>u;>ly in the louOltt or orer 

)|^e Urm ]/[)(> for » ioH HjIMhIo. It ia tbe'i cisdvl, iunl weighed 
Alt (•ut]d«:.’e liar} la it eonttiii.'i 05.67 |M>r (nil. of 

3 bur\tu (tidO). 

ill dekruiWiin^ tho Wyla m tniiieraU wliit'h sro )>oiuhleb) 
luud, it u |um|>iluM diixiel hviui the li}dntc)iloWe mad vtlMlion 
ihieoily ucutRduiHi Miih iinmuiiiM) by uie.uih <il ^MIllilu <: acid. 

iiroriinlaled hark' K<d|>Jiiiu‘ in dim'hled with n rdduut'o (d 
^nmoDic uneitito; :uid tiltoivd, H'tU'bi'd, i^ited, i*]]d « uigbexL 

' VOLUKBTBIC CETEBHIEATIOE. 

E. 

L !nie principle and nuido of working of tluV is the Niine aa that 
Hm andw the Snlpbur Aioffi-y; but uruii! & Rtnudurd aoln- 
|eD of Hulpbime edd iu^xid of one of Itaiinm diloride. l^io 
HAodard Holtition of tni)])liui*ie itcui is made to oimiiuij 33.0a 
pune of Rulpburio acid or ui njttivalent of a solubla 

Paxline salfdiotc, pear Htnx 100 c.c. vill be orjual to 5 gnaa ct 

I5 jive graovi of tbe FaU<tanoc are tnkea, and tlie baiyta 
■0^ ocm verted ioiotttrbnafdej[if neecMary). Tlu> cnro^mAi« 
pdiftiolTediD dilate hydniclilf^ry acid. Ten of eodiuia 
MUte on adil»i, and the wlut/m, diluted to 500 CA^ » boiled, 
III) titrated iu thu zaanuif de^jib^ 
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Loitd NHl(^ irjiHt Mt‘ nlh^'iii ill iho flMsi<fi Htrontii 

Hntnmiv. Foirwjp Kili-J sl>'«u.l li'- jK«\aitlw*ii fuifin*. «*f ptuf 
or chiia'.'te of [uv isb. Ol)i<'' tuiU do Lut iou't'fors. 


AJAOSi;?;iA, 

Moj;nw}a« the oxioe of «■'’*,n« w •. <f hi nahire (i 

the MW) uuui'iL^ iiii'l 

A rt.i'l*-s-Hi u ocfur* It; 

wl;vh is \U* (iii f m Mi\‘J vit] 

rarKnuite of limo. I< foii:r.. in i;» i-n.ui’sint . m* •ImI-uimIo I 
iH |n.(nou1<ir !ir^Pi <r ('inhh'r i<i oid, ‘ rLtl tly 

OiiheinU. k.‘r|H'niiiir. Uil«‘,. hii*) ur* i** 

mbolcd 'if Li. i» sas »fOu 

iu many luiuml \v:itf*r-, n *pi‘ Jv s m'i{ tl.i 

(‘bloride. Kiuu’OltMit.'i •" ■5’■■’»•.•* a» iM‘ 4 N.Tua 
Mill ill iW'd m tl.H bi.i'MJi.i-nue of 11“ ‘n h^. 

Detootioii —•.*,1 i.„ ? • ^wi v»\. It, 

cnmpnuijil'i^ivv 1*11,,.],..iiMiil*!** :U '.ii.oj 

dry in it yrnii*)/ *i»« ri.s. 1 .:i * isif.-jetlu 

hluirpi])Ptuft'.'i v'i 1 , 2 . ii.lna. n* • 't niinuj Jl 

Huhctiop, h ih i«vi'i.oiaf* l») i.Mipi' i*** wiJi..iiir'‘iiu 

uramoioi.i.'rtHii(m:il(‘ in the I'H •']' r f<f iiUiiii iti«o v>J <i‘<.l(, anc 
hy j^>mg :t wliit'* i-iyslallh*' [.rv-f^siti'. 01 * adding wnflnii* ;!,«» 
pliuteor to tiioauitu •!ti:i'‘.ii s.il 

Miigiictdn di/eia fi >iu tJie oi.iiei' .il],.ilu'i-i'Mi)o. liy thi ruljliilit.} 
of ils hulpLatu ill 

Aliignt'idtt IH dowilx'^d l»y Imilu g Mitl .'ii'ing.'irtda; 

the kiKilnldo aiuipoiiiuU a^> fost JuiOi matute/’und 

iimtiHl QK r(tf?rilird miiiar ./V r/ti'A. 

8eparfttioa.^lt it. w^i^ainted eTii^Winp the add soIuiIob 
to dmiet^ to thJit lilit'o ii.!«>dhble. lom in tnliihg up wiih dilute 
hydroehtorie:u'id. Thei/iiuliou ie fitid fi-oni tlio /('(smJgr<Ht{ 
of tiif'tiiia ly iiionurt of liylnigoji, and iiiu iron, 

idniiiina, hi*, aie reioo'od wlib antiuoinc cliXiiiJH, ai, 2 uiouiis and 
iiinnicaih* HilplihV. TIih mnavlm dilutod iiUmie if imtiod, 
find, wiUi amm ini.i, ii*ut 'hen with {wIio:*ato aaiirioitu in 
flight mi'afie, li N (<• Maud for an loui in a ifarni plnoe^ 
f.nd thtni fiHoitHl. Tiki mayia fivm tiw filtrate 

by thoodditaim <d au euMiir iS b^nliani pi* ^phnic luul ioniuouia, 
it ih iiilowed to BtAni! ovem'ght, Oltonsl. »iirl ed aitii diJnta 
amniouia. Tlie pre^dpitito c»itttma the iaHgiit}i& au aiLinoiiiflN 

,aagu(3^npho?piioto. V 

Is where h> iu not dedinf-lo to inirodni# jp^:m) salia^ 
phj,ivborio add into tiio aK»ay aoiution, iho i<|ftwug method'll 




MAOKtSlL 


(fnw i«un Ihe olh^v e.«rl’t'lty 

AiuuKWUin r:t' v« ('ViiihfV.ittxl in u small {xo^T.laiii rliV \\ uh 

iiirrit ui'td ’I'm* i :tM»ivnig tli** iiai'Htut''vihs iiv 

ip'W(ii‘r.« iqivit'i n Iill 3 evj‘V»r !«h»l a M» 'ivV'J '■ 
OA'llb «:<'•'!, Ir.ili t.f i; pLitlMlJu «■ •!<'} ii<»] U* (' til* % 
»thI Toy i% ahu •insll 

wftin a.'l otf; whila ilip insr.laMi* ii.a.ov w i* 

'1 •’ Mir.'u* l-lu* ‘I'l.iiiiv '♦’•is iv iuUf ip 

i‘'hA ‘ r i' i v,i'- I' 1 fi*- fl is AU.*'. 

ORAVIMfij-fliO BliTKBfillKATIOIi. 

TliP t'.f lauriMS.u ininA wi(]j i'Mnral#* /,f 

*i,/TnN If;* ptiS^pIU'e s(i<>i>!iMii<llu 
.«■!••• ,!•■• oM'JtJr J. /dJ fXNiMiu 

n«lT»ni »■• ♦M *• .iMtl :i1m.v to ^^lml o'vcnij.jhr. h'liui* mmI 

Bvl*. Ill- ;-n‘iJ|Mae '1 /m' stiub'muu Ji*'', tiun'fw to a 

•> >i . .Kip oriinMe, p'lp'tp(Itiiiliv at Uitcps*! n*'! 

«». •: t'i»l ‘i.i! Thf iiPiMatu-c i' niJaarv^t' jiyrapliuh’ 

j.LtOi. I Mi'l {Vit.n’hft ,V^of [MSP cf ikiu^'hOLia. 

X^OWMBTBIC HETHOD. 

Tilt* M.)ghP'K ^'Hniijr Iktii sk jmmoiiu'^BMgncfdo 

viol'll i-4 ibo ut'ual M'|Mrdtiiju, m'lifh'i iiui Im 
di'ii I'll,’ai) V* hy Uio luHli'xl of titRition ikraiilK'A 

llio Niis'v* ft- int'ion np&ninm aortutp m v*!. Iih 

ll(o>ipl:iril IVh I .-ShWa . hy niu)ttl>l)ing Uip dais! fo: 
pl.Ohjlioii o*.i'ii‘i»y C. 540 ' cjcuitiplt*.if oii 4 hiiU'Isn! 

HIV «>«{U!vali'tii u> 0,5 yivuit of oxiilr, Uu'V win 

isMiivaWt 10 (0.5 X ^49^) 0.^746 ffraii) of iiingniiiui. Tho 
iupIImmI oi anti the rreidlUuuK of tkn Ulrutian ayv the 

mnu' aa ftn* Ibe {ihccplnlp titmtlou. Tlte qnanlily of Kiihoiniiia* 
tiikeii for awy uio^l not (Mntaiii luoio than o.i or 0.2 gr.'uii of 
magiipain. AfU^r jRHiipiiitiiiLig »a ummoiue-utagiiMir pho^phoie 
wiili K.xtli;iri phfi»|)h.i!e, and well pnainti:' witli luinuonia, it U 
db(^u]v(sl IP diluU' IiydiNX'hlorh' atil, neuliuliHpil with aimMoitia, 
Mill aniKn firoiui<H rual lusitlc. luod oro o^Uxl in the umuI quuivtity; 
The Hululioii le Ixalrd and tiiruiuiL 

^ EXAKXIfATICSr OF A UKSSTOSTS. 

** f 

Silica and Insoluble fiV.ioatee.*-one t^rau of tin^ 
dried simple ..lut diMtolve it i« 10 r.c. of dilate byd^Hdiltwic acid; 
filter; wii^. dty^ nud iipute t 4 te iwodua 
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Orgiuiio Untler^lf thi* midiu* iu hvliMchlnri 

flciii hluiwh till* JIM'S! ii<v ('f <'r. ((lift ituniH', il nni^l Ixtcollirinl m 
a Hmiinl tillf'i tu<<i (li'iiMl !it 100“. Oji it i-ivw Ui 

itf oi*ir< iiii* •iiw( iu'oliiMo nntivi'. The l.dti'i' i 
(l<>tenjiih!"i hy »iul >o-i^i<i;ji iiiMiu. 'llu ni.iUe 

'itltnil.ilisl hy (Iitltx.'nfs, 

Lime.—'Will 11' l.ut liii'- mu.'I"* n is jn- »iit, IIjm U »litii 
luiiK'!* Iiy tin iPoM v'.ilh 

it-in 2fLo.(.ijl n.'iviil liytin-*l.l'Tir.iiM Tiiir wiili iinlliyl '‘MU': 
liliil f-iii;iTe Hi :ii: li> :'>ual >111111-* () sirjt'iv • 
ainiii'iiiKi M'-'si l)v 2. ili'>lii'‘t llii I mu *5.-ii.ii !y n 
miiiiiiK'i hy 2,8 'i'itis ■> till' |l!'••'l .'.lip III lull ■ Wh h mu 
lii»'‘Hi i-thi‘ '■jtiu*' rii'lhmS i" .'ulo] tiil.‘.h*» lli*' n.ii.ie'si 
(nlticli !•. s(')iiii. ti lii'M iiuiiii"!; is nvii i- •li'l:i''-l 'A 
j)ens‘iitu}» 4 'Ilf iij I ii'i'ii'l IS i.ml. ,.'i si ».» I t i*‘'i I'l*'i^j|B 

Is ilisliici'il fMi'H t.h.' jiji^ii.i.'iji * I lilt I .. i l.y Ii'i-.rtm" 

UainiLAin.** !>issi,|\<': {!•■ I.ini' • ■Mtiim'lil-'i 

lUiil^iilu) si>{iir.i.<' ilii* nil.'' >MU: •'< :t.« I-'.I lil••ln■Ml ■l^:1i >(• 

Till* hit Mil 's {!,• i-l .lU I il‘.‘m i:.m'1 

is w-'i^lic'l ii‘ i-yi'ijil'i-S'’* *1, Mi.iii-J I I ' I ..i‘ii! 1 M''ltii'. 

lion.—IHs'iilu 2 p-ti- '1, tlil'.M {«'■< 'III'IS. ,i|] 
iiliMli' ivUii sMit!liiJ*i |••'rl>llll^i.l.l|(> tt si/(i ti u. Tli 

jjivo* tin* tirtnl Iiii|i Till li'ii’iuis iMti) Is r|i-i, I iiy ill's'll 
iujr amaiier 2 ;;rinis in iM-lnrlilixii' joi-I .(I (.lu'* titv..lii 

i\itli till' i«'r!'iiit."iiiiti'Ilf {Mii.is-iiiiti s'llnti.iti. 

iii.-Mihe 20 ;!n>tii.- in )>v Iisk'IiI lic 'll'!'!. iiH.ir 
Dt‘nt::dise wlt1 « hsIiu iuM H<Kliniii .us (:ilu, iHiii >mi(1 iiiti'j. To tl 
liltiiitM mltl biiijiiiii*', IkiiK uml di'loi'inm* (Iti* tunnpaiie.M) iu tl 
jniilp^aiU* fSt'p jM*.'!' jw. 

Fhospboiic Ozido.- Tliis is (iMonnim'il I17 dissidvins t 3 

fenk (Mii.ite {>ii‘C'i|niiiU' ftfui) tko nmi-unui'v* s(k}i; 4 i'.it,iiiti 
hyili'iH’lil'irk iu-id, adiiin;; iii (Sii'ss, and si 

liydTT>;>t>n Filttir ‘ind mldtiiilio iilliMiij ** lu.ii'iios 
niixiuiv.'' Th<* iimiiihuti* is ui> 1 M*'d. Tsiisiied will uiLiuoui 
i^tcdf »iid as jiyitijiimsplmi^*. 

TIJE ALKALUX 

Tlrt oTidiH ijf ifidjuiii. UUiiinn^ aiiA f 

tiiiiiiin) and :tiuii<oi.i]i :uv niiihjT' Mtie t.«‘(ul. Of lihr 

cn'sut aitd rulddiu an mm. and litliin uiuiinminely tm. Tk 
m'T'<ii:ily distm^niisiuid I'j IImw h|>ii‘t''-j- Tm*y :iiv eharw'Uw 
by t)i(* Milulnlily of aimust. all salts in water, and, o>eu 
«| ueii1ly, arc found in the »duUo^'- frmn whkh Urn f*nrkhK »> 
oridoti of tke miiulR liftve lia^n {‘'^arated by tbo uauid gto' 
rweiits. ^ 


•,*s* *’ 
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3 j 

Thi' 'wUi(i(>n fn'M 'S'* iDi'” huVUmiivs h**v»' liti'i/ 

.tBjxuTdtil U 111 tliy’u'ss <tii 1 ]jw»i])U’t i;:t(ilO(] lo 

/niiovi* till* au'hk'ti'- ‘U- uiMiii f.r t)ii* |)<:i|iiise d 
TL«'tDiiluiii' ilkth liH'l'ilii U' iliinri't' '<* 

^linlpktti-.. I'l'lofi' iU'1*‘niiiiiiu;! thi* mI lii** ... 

t'iHjiK lit ii M th‘M lo r, < 

t'iil >M<)i 0*' to t.'iA* till' ’ni!''l)l of tjio um^hI 

lulls. I‘ It uioif ciir.i'i'ii'or i-i v uu'W v i-Jil'iriili'/. 

Th«'> aiv •uHn-rUil into Uus 'I ji*'U0 vf i!»i* uHik 

fcW t'V tlMJ*') tV.IIH'V'tili;! Vltil Ml ' of 

Nr* !•’. .m‘I'liTix *it.".i ilil 1 »> ll.l^ Mv.ituioiit. 

W1m 2 Mii] r.'N Hi' Ili<iv]iji:i'j>, (i;'o ]iir^i‘tii. till s.i!h(*uiii kiliv 

Stilu-'l il> fi ll!'’ III i'llii.’l'M'ii* (O’ I'Jk *|‘hi>lh* .icJil 

iii‘*t n'll. ij-li.tii c.i’ i.i'Sitc t.f IimiHii till* piiM'iuv 
of .»l'‘ '!• •!. • MO • I'l'iS.I; i- Jill* n *1, Itu I ll ''Ml*' of )|.m 1 [IJt*- 

tipii;*. i< *'.ii •'!| •■I'll**’* .1 liV J|. . u. 'I't'e lit* 't** I'ln'ii 1*l*!'t k 
9V.i(N<iai **l *» o'^. A'l*. nil .. Ilf liyi{|ii.*lil nit’ aoM, utiti 

till 1.' ii ■' • III I '.MO III (!•(• iii't**! r.tiLniii.0. i’ itiiiilv I'outi'*! 
aiMi v.i'i '.I ‘!. I’l 'i.’i i »*»••• <‘on ij j« ill.’ Mil of il>ii!.s umi 
uf Hint* ' *1‘'‘I’ l!'«* I” t‘»’iit.i A* if alsnli's i*' 

BKiiDm'ioI t'.»i soL.’ind p ua^ti («\}ki.*li ciiiiniiMrily 

(Kioin. •‘•i ll’** il'K lilt .miiiuL Jl i'’i‘tit*ii!i**nt.toiviif)it 

the '*f iniscii i'i!..i1i.>s; \v) i**h is tjiu'' U'S’eHiuiiHil: 

Pi.'.ii 0(1* I Hill ’’tt/ht'il i.h<t>t’u!('. iL 109 c.e. Ilf ilktilliHi 

uatiT, .ibl liiti'viti’ will* til.e ’^.iiLiiniil v*}ut4on of silvor iiiliute 
p to-'*' n» itiiht’sUinj') in tiir inotnitT ikvi-i’iiMMl 

uii-it'r f\\- nj’\ Th’’ c.f. of ►Hvit iHu’Jiti' ’livfs f.ho 
in iiiiiliiii'iitii’’. *'f the pre^-iit. AluUijily ilo” I o.7^S» 

ftnd tlivli.’Mt* till* pitsluti' tlifl K(*i«<hti of Utu iiiivsl f’jjon'iw. 
Thi 'will p\vfhi*iini|l»i.i'.i1 Mr-iftlu of l-Lo alktilieK(Nii,0 ftiul K/)) 
pns’' ui i^or tMiKiptc. o. 03 iifi pnuii of luixitl oliioiirh'x ivqiimNl 
on i.t.3 I'.i*. of mIviV nii>) ito. nliit'h is eipiKni]i.ul to 

0.0142 LlihiiuiM TLi> luiiltipldHl hy 0.775 ^iveu o.oijo 

to )ic lUnluctt'il from the weight of the I’hlnmlis 

Misotl I'lihn'itl'H ...» o,r3(»6 «r.iai 

Uiuluttioii .0.0110 „ 

Mhoil «lhiKt*s , . • . ©.‘'156 „ 

. Annimmg tliiii io ItaV'* Imu'ii eoi from,! gtt.ni of a r.^k, it ««mM 
^toiini it* 1.56 {KV itiil. of '* {iiitisli nii'l Sfuhi.'' 

Tho ivlutivu prtiiiutiHitiK of (he poituth a ml smk inn l>e 
|l0ixirttu)i6il fkom the miiiu* dolot ^.'liuaHtni. SoJjum kdiI jpoitMuUiB 
itliloriileK littvo tne f'lllowio!; cuttipuflUou 
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. 30.38 PoiaR^iun . 5246 

Ohinrine . 60 O3 ChloniKH . 4?-54 

loc.oo 100.00 

Tlio |j(*wiii»urf J eliliriiic in n.ixnl )•> mhnihtod. 

Il iiW'waiiK faMh U ttMv 7 « ^7.3 «d(W-o.6 jmt 

u;i<) (!.<■ otif* ui llu (il)iHi Ilf thcst* llift 

liMin-Tthrii of ‘111* ii-li'iin i>i jii>^«vi'aa Knch 

]nTof i‘!i!M(iir‘ r« of J .7 ? jH-r'lait. 

of MHlmm Ml lf'(* nn^jil cHoii'l'*^ I’Im' jrf‘iru}.*3'f>f 

iiIj'I .vh].i ill (hr cio !i» i.iinuaM iii (l.o ipiiiil 

«!iv. <4liuni)(* Mollilihtsi \r\ Csj;’ * |l^ 

of ^ kIii f^5. (h. 'iml (■•III I’lihiihJ • iii»;j;iiil n' mw /><»}7 jnvw 
ni h tl.'.i'). 

'r'li* wf I • 1*1 ‘ihif. Ul ill'* JiU'l* 1 '!'l li h )-» fllso 

cih’iilMit'il ih*-.: Vi'b Uu* • ni*' h*i »‘IijMr.riioi*. 

>lnl ijily TtiT* ('Iiloriiu* f.y.rti’l I*)* ? sc^. ‘t«s- ••i* — 

10/ - j I V< ^ *,' . 

I'lo’.Ji (,ii" pnKhu'V I'**, iif Hcu'lt;. ••• :iii* chlorides 

found— 

^■*••1*1.1. ..... o/.'iiJ*7 

MiM'd d*li‘n»lpp . , . o'vM , 

Ihl!"'.MCO . . . 0 . 0''337 

T!w* »Ufr*!*-»nv ni*i'(’|i!)"il hy 3 6'SS lltr vrjjht. uf wnVmVi 

dil.ivalf* jii ilio In tills tsiM* >1» fiiKo u.< .S ^''■„||}, Th# 

}iu(:«^stnii dilond.* iit li •h'sM^il ii>\ die licUrfii (!.(»(* ik] 

the iit of dm iiti.<(u' liltuiMPh. it e>jii.ii{< o.c i.jS ^niin, 

WeJjivonon ‘•ot— 

chtoniie . o.oir8^>mii 

]*<ilnv{Mnn diioride . . 0.0148 „ 

fnmi 1 fiTtim if tli« mdc Ldcco. Multiplyin;; tbc.so by their fno 

Ua» «e h.ivct'So«U»o.oj 18*0.530.’; iVifm.Ii 0.0148x0.6317)— 

. . •-0.6351)01 CUlfi 

Pot!!.!! . . . •.•0.935 

Gonoontmtion of t.ha i. 11 C 8 Uos. Widi ttio e^ocptioa 0 
ail Urn ida*r lusiK im‘ i4>|Kit«inMl Trim Uiu >Jjv.iU(« ij 
lim iirdinnry 'imise of wuik tNitImul 1>lio mhiiliuu of snv 
mIiuI) miiiM'1 la* imnoMtl hv *;uiple eniiKiraliou ttiid l^uitiou 
doiisniueiilly. ttidi Hul)).l>au(M> (bhihfoiu orids, sucandre trcKt 
munt (d the udutioD with snlpborettod Lydmjnn, umnitiioi 
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unmcmie !o, n)i ] auunoiitf* whw n«*(T!*- 

■ar)', yii'itl <t c'tht.tiiuDj' (]i(} 'vlioln of fhouiknlioawitii 

AUllnotlio Kll^ j 

Tli<'lilt)'!>((' is ill n MU,ill iiorrrlidii (lb«K, wilh f.te 

iddilluii niliic »>'!•) iho llru^h. ' rairitil l./drynv’'-* 

and i^riiiU’d. TIh* nNuliM* !•< ii[i a httlh v iIjt 
wub a fi‘w fTyMaU (»f oxalic ariil, and I'oni)’ ev.i|''»r‘W'*l mhI 
i^ui'nl, Tl<« .ilkv'liuf iiili*. 'irs' olrurMl >nrl< nuio, un'i liiii'hnl 
ftioii ili> u>:<if>M‘si,i ii ui a |•l!•!nJll:u dHj. Tiir HiluUi.ii 

W v'il’t .III f**'<v**5 o\' jiyrlpwLl.iur tM*id. i?liilO>J lit 

a i(i.i )'in; , am] uo^acd. Tlio r.>.^.,lue ootir'iM'* of ilio juiX'il 

ajkuliiu' < 

Fur l\[w\' iH tun L lillr dcs aiul yiailui iiuiiii s) Tioi 

cum|>I'My l*y .hiiU. l*-i\iTi'U**r* S-nlLliV nii-tlKMl U 

ftTiiMsi'lv is .IS lull<.w<<.—T.ilu' JtiMn 0.5 tn 1 of 

t))r 1iii«]y jHivdoml nml )i) luKMii^n ilio murt'ir, 

wiih :.u ei'irl )>i umiauii: nniliJuiutf. Tlicu inir wiUii'iglit 
'w 4 luui'lt piiiv iMliiiiiii (sir)i>)n.itr, itsin;; a of it U> mi'H* 
ont iliemortar. Tr»n.-toi lua ]<Liu»tniii'in>‘ilil<.uul liciitj.’unlly 
QM'r a r>nitijoii liariiiT uiiul <bu itmiii«uJr c)i!uii>i,* id iliHuiupwisl 
{liw (u till uiinuto-), ikoM' tlio lii'-it to ami ruiitihUf at 

this l(»ii{NTtitmo fur 'lUjut (]iiailoi7i uf aji hour. The citicililr 
in<iMMii> kvpt oovinnl, (.kvil, and uul th» (ri:u>-< iuUi u 4 uu'h 
«Vii{iuritiM(; ilidb; w.isli the cntrihlu ami nivor \i'ilh diKlilled 
iimor, iinH silii the wndiuijrd tti tho dish; iHlnft' (0 60 »r }>o 0.0., 
•Ltd liiml i > IwiiHufT. Filtur timl iia.di. AiM to Uir .alxmi 
1.5 gram «if ammnuhiin ,.ai'liuii.it(*; ovii^HaiiU'lualNiut ,)M'.r.,nml 
add a litUi* moit* nmmoTiio ciktUmate ami sum(» ammuiii.< FiKoo 
into a woi^iiml |rl,i(iuutn di \ and onqxmtle lu ilrym^.« Heat 
gondj, t<* diirc oir tlia ammonio uhlonilo, ami iginle to a liiUu 
Muw mlmw. CW and ^eigh. Tho residuo of the 

mizotl Hikaiiim ('Iilf^ridiv. 

Soparfttion of the Alkali'ICotalB l^m esch othor.— 
Brnlium and lithium orci A'pnratrd from the other alkali nio(.i]al)y 
adraokige of tho auluHlity of their ohliYriduH in the 

• lenoo of pUtinie rhloHde; h..i] from t noariuthur hy llio farmatiou 
of an alTDoat. insoluhlu lithie plx'spliatc ou boUing ^ith a aolutiun 
ofeodium (ihoapliaie in a aligliily alkoHne aolntioiu (Viom, 
rahiditoa, and polairaiim yield iin'olpiUitte vith pktinio elo Tride, 
vhich are oomewhat aoluldi^ and moat be precipitated from con- 
flentratei'' aoiiitiomi, <\e8iiim and raliuUniii are RspaTHieJ iProm 
pot^nm by fractaenul prer* •itutiim with platinnm rbloriilo. 
Their pi^Q^i 1 ori(U«, being ms aolubie than that of puUaiiQiu, 

^ are preeipihited first, (tee mindml part^^ of boiling water diS' 

• iolva 5.X8 of tlio potoudum platimrchloridei 0.634 of thanhi' 
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diiini si)!, rtinl o xy, ol e(*si.<iiiiTn 
TIk' K'j.n “I l]t>iuiuh »•}'• timi. }j)m 1 n.J-i l.i'ui ih mI'Iiiu 

W.'mitt.''i«» t*iiii 'ilu ''itsuK'.!’li'- <{'j-mli.'ii«'f 

Ii-IMII MMitniH l)< M l A'•'.<> All<UMlit 

t' »*u si si'j.^y tir i n' iK i*-.\ 1*.' ll•«‘’^■vola• 
Uli'y. MnUl.is JiK*.*;*.}i >uhiM ll‘«‘ li.-;. * Ki-u liy 

il .fltiil.'t:. ■[•••y umu i 'suint *. ifbiMuitt 

oatu|viiMi<U Tlioy K'ill in* iiri] iMcn"! r *tut 


s'pini w, 

Niiiimn is till’ (t. ail* of il>i otk 1)1 'll i -li i> ‘ii'.tHl in 

luiuie I’liii'fiy (uiii'iir.i i( uMi r! !(•l•llJ^ >i« *• i* i< *1). 

Till- i<)iti*‘ral i- till* .-oi IV* f>> 'ji ..(.i'. l>i«' v»>i, ••. of 

ill :iit >•<! Sil||<ii odUitK' tiiU 

iiiliuli* iN.iN'Jj 1,1 { U\, .I',util ‘i-l {IS -wftu* iu \*!i.’a 9 * 

j'.M ri'.il*, ^ ,*'Irh ■>« 

Is. irt'ip*. ,4*1 i:-o v«M.'i ; , .’u . s .'.itMiijiti iu 

ii.itrin, t'i‘. .,1 • ,» V ffiar » \»*n uiilrly 

I’m. s,i}).i,.,.. ?» •,] / 

TK' (KU'i'tlo^l ot ‘’iijj: I iM*;. .Ill I ■ (Wi 

stioii.} U'liirM itfi hnltf 'M.j' it t.i ill' Jlsihi'*; 

I’V I'f *|*i.-l' ■'•IIK*, -JilM. .* .l'** >'ll* ' li.!•*.** 'Jill* 

vsii«'.II* il.-Iii'iiT'•] III livt’ bwiiP •!. \ iliii*. iji’iJit* ^iil« 

fhfruia>*it fif ynhiitti -uh-i. It ih u.'V.v t-i: •piM'*.* il«« 

I'UlolMo, vJiii'u uwiv tie isl !>r lls toMi*, H’lmi* n-* iiMlioi), 

fiisil>tiiiy, Ill'll ii'liuii \i.lli ii‘ni,«’>its. Till l'l•loli■ll* ui^ 

{luKisl 111 n low Ilf I'[n'liistQum m<'litn(imo> 
iiinti*, t. wl iiM pm*j^»it.it(* ol llu* {••iririKiiet.i-y fO>iium -all. 

s(ilteuii*(hv.li('«li>iii fwoi rridnt diiMpxisi'U .iTi Ivint!.* 

jnoiu I'.hli Vrii'ior or il'liilo nciiK l;>.'il'iU** .-lii iti-s tiH* .. 

possl uuil till* ulkuii it>n<iuii(] eolalik* by Jjii^MS'tioi* Hiiiiili'it 
luotiiul, wl/u'l. Ims jiihl 1*1011 iloMTilesl. 'liie heiuin.tion of tiie 
sikUiiui fiiHii ;lie itu^isl cl lotiili'H in in tbi* foliimiiig 

«iiyThe i*1)]i.<vm1o'> nrc ilirtn'iiTO ui a UUlo u:ni*r ainl \ In* jiotuA* 
Kitini sp{Mni*4‘fl its pLitiiMH*j]liii’iih*. lie* niIhIiIi* erslitnu plultitu- 
chlmiilf. with liu* cvd 'it of pUthn'ln, lioilail. ni'vd aiili Kill* 
)^iinc nnil. ovnin r.ileil to mid 4'iihct1. Oa (xtta''Ung j 

with wiitci, iiltonii;:. cviijioiMtiiig,mid fvidinm tjiili'luiii^ 

IH left, ituil U W(*l;i)usl ii<- y\ <*V 

li is miuv TiKiinJ, mid ijn'to h'.tof.vtoiys to oulnihilo tbe 
freight (d* the wxliiuii uliliM'de ly ditroreiii'ti fivni Uiot td llto 
niixotl I'liluriilffi, by fiahlfiiotiiig of tlio (siOuiriuQi ehloiiiifti,' 

» Reiolved iblo iwo with a (".iirarfQl 
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'which iti vptinUi'ly detn rriiiuHl. Ji'or aziibijiK t of a rod 
(‘hlfHi* h>, o.»jor>2(ntin. iu>'l 0 . 0^6 gniin M )Miti)ssic 
plHtiud-cl.lcii l'. '1 liHTi iti U; 0.0149 ^rjiu uf potoH' 

ttuzu cMori'hs 

Mt .M cJ»l<H1<l**S fwHJhl . o.oj66 

I^ihW diioriile » 0.0149 

*icflvohiio<l)uiacli)(*n>lo . . 0.C117 

Tl>^ iff NKliuin tmiml* uiiiUiplii'ti hy 0.530J. 

pA*SS IIm‘ UC (}f (lit* mkU [ S,lyKtj. 

CiiiAV) KKfUlO D 731 fUMINATIOS. 

TIih villi it iiiihi Mil,it \tu iio oti.'*r nie>.il tbao flodiatu, 

IM ill .1 v>n.;fioi] pluonirai fnu'ililo or To\viurii4 

the :*>i ixii' >, muI ityi urr'i., ut s'>l|iliiiric rvnO iAUilihnli and* 
tnr o\.t|-iiMlj<iK roiitiiiO <1 iri'h'i* ii Itniiudx litiinjf rrivt^r. Tliu 

rwid If U nwv thr 0, ii fmjvinoiit of lunmonic car* 

in'iiii' .uMihI l<>>vaiii>; iliH end. Mini) filUifS of viilpliiiric 
Mcid i’<'tisp to ix* rr(dt>l, TIiU eu^'Oits (lie ii'inmiil of Iho excels 
ft] at Id. Tlif crii.'iiilo i.> OikiIoiI iii the desifciilor, iiiid nidgiied. 
The *(dMt‘'Up‘ i‘ Milpliite of tmlu :uid cuuiflitui 43.66 

piT if vxlo (N.'iyO), or 33.3” (vbt. id* mkIIiiui ^Xa). 

VOIiTTMETEIC METHODS. 

Thorn an* T.irhtiiM inHlo'iti iitniii for llio ililffivut oinOj oondx of 
Mxlinin. There L* no one nitd.hiid of p^ufinl uppHiiiUou.,, Thiu 
with “ connuou soli * the rijni'iiin in tMeuniuiHi vohuuftncHlly; 
and Die Miitliun, nfler dodiieiifi;; fiv the other isipuriiioH, & 
calhuotiHl 19' diQfinuce. 

With hoilif ou'lx)unte iiml euiiiAtie aodLi, n of tho 

nuijilf U tit ntfil with rifonihti'd ueid, mid the oiiuivnlciit of eoda 
lettiiiiiCtnl from tiu* likalinity of the loluiinti. 

With nodiiini Kiilpitote. a niodiiii'niioii (tf tbo mnie uudhod u 
Hhtfil. To II Holution of 3,55 ^nus t>f thn Kilt coDtuined in a lutlf* 
litre r isk, 250 o.c. of « Kidnfion of Ixirytu roU'r Ik eddixL llm 
vuluiue ih modo up Ui 500 c.c. aith wiitor. Tiie wdMtiun m ioInwI 
aud tilieivd. Half of tlie iiltmto ix lyeobim'd off. innitod with a 
cnrreTit of eiivlNinic acid, lUid tb.oi iHtlleii. It in tmimicrrxl to a 
hiilf litiv (iadc, liihtUx) io t-lif mark, rfinhan up, nnkl iilteml. 
3500.1*. uf tlif liltntic, repmien mg a qiiaHor ti tlie aimpie tiikeu, 
ihthiu) ti1nit(s( aitli Htajohnai iicid. Tlie xtiiiidard m'id iaiande 
1^ dfluiiug 350 ObO. of thu uornial ooul to x litra The o.a of 
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uh'sl }irihi|>li'>(I 3 t>li6 prj'i‘taif<i;4t>. j| 

10 <1 uuU'mrt lilt' i>r imtinnh in tlj>* lv\>'y(a 
A>t viii iuluMvul iu (h(» pn)(■<'s^. 'I'Us i>.H'ni‘11. .in<l iis 

H •)H4'i'iuitif(l >iy uu lit witli 3 of puro 

Mjditim sul}*b.iU>. 

FXAIfflKATIOW OP OOMSIOW SAtT. 

MoiPtJU'j',- iViulrr ftH'l HO,!'. u/« 10 wnn^ uf ifir' Kmiplftim > 
a .{if.li. Div ill .■ 'n >U') ot'ti f'»r :m . n-J .ill-i*- 

Wfirds Itinti <.► Ihiii* I'lW*’*-' -or a liuux*u i'o*!, 

vsvijili 'ri.< this w:in'v. 

Ohloriii?. —up two U.U of 1 v'ltm 

111 ICO «M'. of waiin.s.u I il'-Ttaittim' »« 1*111:1^ 

wuh tii<» cimUrd "iImt TrUnl.'' i o*i,L* 5 t!« -if 

(iOt.i>b :> Soi'fVi.Wh**. 

TiisoViblo Maltoi.—Oih«ilv‘* 10of iii- ilt in wut«‘r 
wiiK il«‘ f.‘ l[ of I iiitlo byHiwJj!>/.’‘c *?b'f mAT -i-li 

lUifi', Sii'f #.i b "l.'« V'-'i.'- . nu<>\y j-'tinU 

Doiilc the t * 

Limo. -T.Le 250 <'i -jF x'n- iitu**, anjui'inla**..' oid 

u*1«l aoniii'.uiMQ oxilat?; wasL, dry, Mid 0 Ibo 
\\Vii:l‘ IIhm' 

Magnefua. —Po <hr tiUiutt* fr«un IU** Imim »•(•) ‘ih-f'ph.if^ of 
atnUi. A1 I‘m. t'> ovrruiudiS tiluT. \v.i«.li nirb dilou* onitno* 
iiiu, dry. i''Url'», ;«“l wH»»h !0> pyrnphvhlulc. 

Salpliorio 0 &ido> -Tu t-ki 250 re. *»f Uu* lilmie 

fAUii till* '* iiiMihok,' .mM 'Ml .<1 ‘MVinia i l.t.'sidr. Cuilout) 

wusli. iW). itonip, aui! liit 

Sodmm —It u> «»y 'biriiriHi', 

'fiio folijH'iii}? iikiy be aa uu rxxoiiiK* * • 


M<ii’i}tirc . • « 

. . 015 

'l>]> IU.ltllT 

» « 0 |v» 

Jamc .... 

. . (A to 

tLuMMisiR . . • 

• » 0*1^ 

0 udfb; 

. « 0''» 

l'bl*i*bii' ► . 

. . S<. 'A‘ 

tit)lUlil.ia • a 

. . ;‘J M 


xou<o 


I-OTASeiUH. 

Pntocsiitm w%'i3i^ in nuftirc up oltlniido, in tiir ini't>oiA( HyIri'M 
(Kri), and iiioir alnnutiidly oomliirM witii sutgupniuir. ihloriild« 
m •arnallbii iKCLM|* 01 ,.Cii, 0 ). H ucoui^t at) nitjuta iu uiti* 
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' (KNO^), :iim rj> •'ifv'tiio in ul'i«'vnU, ^mb u orthoclnru^or 
pota li b‘l Nn i.ivl, n-v,*). 

l■>•hl}K . "I ! H* fU'U*'U.) ly ibij cluirj'iiH^iiV violit 

iiijv'ii It. :i‘o Tilt' [niveiK'i^ «>) riIi^ 

iDa^-ks IJju* (iLt, ^ii*< ^hc ii><* Iv l-v vifu 

u )!»•'♦ (if b've.] tbo 

li , u in ri^tl uud umitbir 

iij lilt* vu]i'. ■llii-i*, bi.ttcvcr. rh ii>)t ^o L.i*y t<» in* 

Obtl'lll {• llL -••itltV'It!' l«f [HiUtSHUni 

wii‘ yi«t »!} a»ll*i.r vilb iMaUmfnifJildrido, 

m.‘l i wl‘n<* •»»(* t.Mi »Li‘ :*rid toj'tndv fi ‘khI. 4. For 

lltuH f«*\v i«.. Atin.ifti ih li".t iti'NTi'aj. TiuaiH ii»i8 }%ro only 
I*''{ ii.c ot (Oui| t>taiii^ Lihdt ilidu Ihute uf potu&- 

Uiim ai.ti tNiiiiV). 

GilAV 3 ML?TillC DT^TfSltlNATIOir. 

TLIn t* s-i\«v for i;* fn-m stKlinm. Ibki* 

I li) • rt.'l ih'iti 7 lr<* 1 } in t.o ovajxvnliiiij (Uxh «illi 

5c (.!' ti dt'icr. A'.-iiiy irKit I'y.iMKliionn iWiil in quuiifily 
' It t.t <{! . l»' lOt )>iY-1 «a .IS f'ltIdVitlof') to uiuki ii add. 

0i‘. il ‘ili>r Mi( piY.MLt« U) ab ic:ut '•icli (juantiiy Aa Wiu 
(unAl.ti i‘!i- »•»]■.Iw.lo ib Ilf ilib/'iw. A»M ^ invuu^ of )>t.nriiiuui, 

iij M i'..tii‘ii as ^'LtiiMira I'ltl'iva^U', uiul no !i %:iloi liath 

to u bliM' i*u( not to dr) rix^h. M> istiMi Htlh 11 fow dn^pHof 
]il)lj‘jtK b)K)kiHL' o|> tlio paste by 

gtii'iio^. k'«i\ii' v.jUi so r.r. 01 btroi)^ uIcyiIioI, rinil yvoiO) tbe 
cry-i:.!'* ft.' niu#'i) ua (ni..‘ililc by tkp disl) \llnw to 

Rttli* t'lr a tv’W Tts'i.is'iiu. diVHiil a lillcv. Vb’’udi in 

titsr.ii'.ivH.iV tno^'f tliviH* (iinis until the rvlnm*of tLotiitralu 
thii' tJ-s e'li: tif lit tilitinuiu cliiuthb* umiI if iriiiuvoii. 
Wilfh the piifipitaU' ouMo iLo btlvr ailli a jot »f •jlndiol froia 
tJiP ; t'ktin (ho lj)ii7 j*.)])'*!', 11 tin;' nn iiMle iilooboItiR 

jNwibU. iiry in tlio wolci oien ior tui Lour, llrnsb tlw pns 
c.ipittitp hitii It ^ijbl.ttl »)i(] weir'll it. Ji u jxrtihfduuj 

|dai»nH*)tjorn]i' (K.MtlJ, ,nul eontjiinx i(„03 por coiit, of jMliw- 
lintn. or 30.56 jkm (*ctiI, ol jvitiue mu eiiiniulo ^KCJ). wbicb tf 
<Hjiii\nli lit to 19.3 iHT iriit, of iiofoiOi (K.( *). 

If tint liliri |i4ip»r is iiotfnv from priHopUtilo, bnni itand itidgli 
eepwrfttoly. Tin* omi’s.h of wei^dit oy-T ilnil of (lie adi vill be 
due to plHlitiitm und iddoiide (l*t ni-d sKCJ). Tliw mul¬ 

tiplied b) i.413 uill (bt weij(bi of tltu jjota.^sie plntino 
ebloritio from u'liicb it hyiS 1 tuuNl. It xumst be added to tbe 
weii^ltt of tiio 'unin prcdpiUti 

1'be miied ftlknlino cbJuiideF obtained in tiie u&util count of 
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»rc‘ ti- \xA »n iL^ Ihomut; tl;-* cjiumtity of jilatmmn * 
I t.i'i'i Iv i''> ai:K‘l> w 1I<h uiLsfd ^lilarider ' 




vo:-i!BrETnic aETnoDs, 

TJipv* avc thi' mUmi iis •’il.i, 

Evaniiiminn of Cojuniorctkl CuiDaiiuto ot* Pofacb.—> 

Tilt' M>.|>i iiii.' * > Ik* ‘I*' inoir''ijX‘. tiiio it** 4 >* 

Iiihli* misiMi r hiit|'ii.iii*)iL<i ojiiont inii. TliP.O 

(ii irmi'DihMi.* i"i': uiuli'r itu* "Juiiui* 

Iff Kilt. 

'lilt* pniabi<r«au ;.i 11 ii.l*:* tiliioride , 

m«l 'tnii 'lil'*i'»'‘ ■ Ai juM '!»• nil'C"l. 

A\uiiu\)lx> Ali-au,—up 2,5..^ • <•! i‘f s.i',.jili> 

tlivtix.' i». x»n*» 'I'l .'I’lk*' wy V i* t, T*»I.i‘ y i:.r.» li*»( 
wilh jWvh.'l !• >v/li M'< lioi'.'UtI 'oliilN'ii f>t 

Tl't* iV. •»> 5 t.fl “-i.l t.iull ,*«*1 2 p.t Ui(* of| 

nv.iiLt'iU'* >;. l! -I'l itl n ' i.» ^k*. i'L • K • 

Boda. -ll.‘ > . ii'niiH'.iy M' *hi t-ilMMU" xMiy;— 

ih''iuit fnuii lilt* (•.»! '•K.iM I'l.',*'! lii« pi;.ij}':> h-iputvl f.«T .siio- 
vtiiii li.i' i'Jii'iiiie aiil M'i,>t>'.iu* umiI.i px'isi'iiL, uxnl 
ixilctii.Ui* till* h'i*<:iii.i!<‘r lu |K>( I-it Iho Kjip.O'ii* f-ui’plui* 

p.nts.. Iff at.ii!<ut!>* .ilk'.li Oh i'te.i..utu i>f (lu* .u*! < pi*>' 4 *nt. 

Carbon liioiidc. T Ih> 0 0. ui mill it'-vl i’j Uio av tiikali 
di'UMminuiioii, L'liKiplIid !>)' 2.2 and div'idtd by 8.35, |rin^ liie 
of cal*!**)!, (]).txMa 

ijTinuu 

JiOiiti, ibc (mtloorililiiMut^lJ^O), tHtniitt in {jtijiulnios of 3 or 4 
per iviit. Hi v.'i'biiis siiit.ii. •.siii'li as Ippiilolht* ^nr 

it i'> u <*ofi«iitui'ni of ilio water of rt'iiidii uiliuwii] A 

ut Wiuxil Ciillbid couiaiuM iw umeb ua 037.' gmin of 
litbiuiji diloriuH jur linvi. in (jnnnliii^s bOdti u very 
witlely dilhKtt 

llio Pdtoetion of iilliiii ia rcuilcivd va-y Oio b()ectroHc<^«; ’* 

f>{)0(‘tr(uii hitowH A I’Ofl line lying nimnl luiUu'iy butwoim tbe.j 
yellow MMlnnn line :U>|| t!i« I'ttl oue nf |k saeiiliii. it u1<k> blioVfr'^ 
li Diiiit ytibm' line. Tlie (ilour of tiu. llantu (iit5(!jnt«!i)r>c’buaD‘ 
U'lihiia 

Tliti reiiption^ of th(* litluuj)i (»iii|iciind<t lie Mwetiti ihoao of 
ilie .iimI nf tbe .likiiliue ttiiulu Boliiljmib itiT not pro* 

(ipilulvd by UUUirio add nor by pUUiiac chlurida The oodde k 



CAfSlPA 


•.ritwrfy noliiMi Ml 4i,’ii, Tio \i% roJ fitvly xiiublt^ 

TJtMi* ii.! ‘•'•'y jr«vititl ‘i.s ).> ji| <vj ]».iM, c^j nsnlly to 

bnt 

111 ilH L’ljt »•* f ill 

tlic Ai-.iinlii'ii 'if .i.i. .iliM'l’i*- «iiv i M •«<•»•. II fl*! I'c^nx lu 

fkiilii I- m, ... <l»i- J.. . f'it'il Mitii 

lit r. !i!*' • I.,*;, r iN . r.’jwi.<1 ♦'* linmiFS ami 

Mill, tuk l ati** iM i j.'l TJi»* 

rfsiil,!.* i'ttsi lo ji'L- . Jh'iii. i-'Mi.iil, iii.d wot’iiitJ. 

Till'I-.*'11,'. •{•'i'l••ll»1 !M } It* ill*I’.i I.). rti»] fMiiUiiiiii 

jS.S ji'i « *111. .*1* I’.'* i 'I .a'tfcji III 

in iii^ ‘.iMii Im }‘,( ii< ■, I .iiK'.i'I'm W.Jilii ii.iin.nu'iHlx 

evn;i'i>’ • HL' II ■ .* •) nioii K* .l» \ i*.. % iti'ii i.f MMl.k. I hi 

!'• Mil. illlii) ■■i-miK'I'' oui .‘iml ih 

ili'h'jU'l.i''• 1'* iM' ill.i'!***. iiiii.ilrd , 'll-. *‘1 h.itri’ 

ni lli«* •■i-ir.. «i fi’iijv? iiMi, ]«i':.' if lltliiiiiii r.iilMUinte 
'I*''' ‘i‘vr>.,i' i«i>‘ «m 1 !'> ohjigilitiMilubloiu 

alwlM^ 111 CcJifiiii liiilAiili* t.m .11).II" l•'l])>i .‘JtK. 

llui TMu r»r iii*-iu!i>. iM ‘I.I •» 1?) ... fnuml iish(V*i.<l«iI with 
lilliiii > 1 . A... !• viiliMiiiii', ill lo.iuy 

n.ifii'i.il waJi I.'. ri.Mu" ‘i jx*lhK i, •*"«*ji»i .Ijy a alhV.ih* iif 
aIii.iiIiii tiiiii I'liuli'ii ;«,n |h*1 (h*L'T. i*! tti«* 1 ittn 

a\)»li’. 

r-Hwiii'K i.. I*‘I la ‘I"’ '*jii'*‘M'-*.i‘'‘ji«', itn spi^riniiii 

!ii*ij);i I'liiiia l-*rj'.tl liy *,*.)o liu( H Mj ih:* lilui* inui ow* I*' iIh- ml; 

tlx* juTiii’ ir .(ixii.i lubiA.iy iH>Mv«yn liii* luliium uiiil ^tiliiiin 

liiJvh. 

If ijcrt l«y fix {1 «•^.Mlla*lHll\ nr sjumlly lnokiNl for, 

Oil«‘r)Ui wi‘).|»b HI till* (iri!ni.,iy c a.* m* of wmJc, Im* M'}i«mittsl w'ltli 

thu |Ki{nsli tuiil :.*■ lail.i*. |i;.i*iiii t‘li)o)*iru'. 

(.^ii'Kia is seii:u’ai*'ii fi*iiii iJl i in- utitcv uiLiluv In' ai1(1ii)|( to tlie 
aiiil N'liiiloii of (III* niixi'il dil(ii'i>u*<< ft ^■llt»u»Jy uckl cold koItiHmii 
aniiuio]iiiHi^ i*)ii«u«i*. Ti.c o.iM o-.sl iqii 4. lie 1i)di«i(‘)iloi'ic. 
The niiiduiii is pis ri}iital<Hl ft vli.u* pits(ipjl:ite 

’ ttludi lilttiisl otr. Olid Millln'd, willI) cold, with 

^niDp liydisvliioim mid: e4mo rt Is di'comiKirisi h) whut oc on 
'wftHQiiiK. The ]»hs iphalo is wiifJuHl itiLn a IsviUr, and tinttfid 
with liydio^*ii; ftfier lilii'nn!; off the Hulpliidc of 

Milijuoiiy, tliu Milulion hsivtus on 0 \'H|xiii)itiuih tho coifimm an 
shiriridft. 
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nnliiilhni) <4vnv-< Vtdflv 4ii)u.ul iti ti'itiire, 1>u< in Tory small 
Jt- ^ if4‘n' •.illy •( -('('iMl'tl I'noiiiiii 
1( tidniol It tl.< t'”'''*' luiM 

(•lul fvo dirt: rnl urn l.il.i «.I'-i'iiii, h i,' >\)ih 

lii.iiiiif il.l'iid. ai'*l »! Ihr nrd'iji.j <H-nrs4‘of \\'*vL woulii W 
. 1 .-jift.i Villi. )i i' ‘.i;miiiicl fnm: !•) fm*- 

tintiiil ivii): I'li n*l(‘. lliiMilimu jiiiUiiiir 

thl<uridv iii mnch liuiii ili>' |) iltn'-iuui fait. 


AMMdMIM, 

It IS ll<uil{ t<i |(M<V Hill’ll U.“‘mIIs <'f .♦H.T" 'HIi <..I •,|I||lwK a 
coiuiiKiiiitl r »!m’. I f%‘ (1^- 4 il). v >■ ii- iii Jiy k 

1Li‘ I'l *li< mII.lIk'I'. ’ihtt.iijii .III lit ii.itiu4* .IS 

Ul>)..rUil- lit m) .111.* tt m'imvI. t 

{Aiiy'^<>,).■* \ J*«i^ ’.II n» 

t'oiiiinninL’HIiitiMiiiT'j it* r-r . {uil iti .’.ti!)‘. Smi'-iI li'Voi jji 
dtotnil.. O' >. 0 .'i'rnl WAh /,.:.(!><•. AuiUl'iim 
aimiioiiiiini ..uljthi'U *ikvmi hi ^lirWHlri^aiivitnh’.Tii<uiiili;..'K'i»if 
nlili'h fm» woiKeil for tin- ImtiKI** .’.till Hut .» ot-.hi Tli»’ 
cniilo Uim^ic timl fioni tliii* srniriv iviifiiiii-- {tmii f <•> lo }«*r 
rvnl. of K is fii'in tliC'j* lint Ui*' piivr foriiid 

of ammoMmiii coi.iiniii.'U. of (vninoTM' Jiiiimii ii.'* ^ rto]ii vokMiiic 
ainuoiho *'«iiv iI'tIvivI UiU tit< l>u)k of tlio of ucau* 

nicit'U is |iii'|«)Uk( fM'M |Jit‘ as hjo- 

prtsluHs iit 11 m' t'uikiupof (vriiuo forniK of idiHt hmi.iC's u'.d 
coko o\t!.s mid ui.m' <‘K|«.Mitl]y iii pts-ui.4lciri;: 

AHininriiii lunily cotucr W'tMji tlic olij'<ilh of ii!Vi.(Ui^; but it 
is lur^fly Hsr l ill IW l.ilioriK^, uiul ilic nsMur is imA uu> 
h’fi}nen(ly imIImI on t*! ilotennhio it- Aioinoiiiuui snlts inv iiit»'t!y 
stdublo in 'tViiUT. In slmn}; Holntions iboy a>o a )<‘1low pro- 
ou«iii)(«* of aii.ioouunii jilaliim (on tlio ii'I'liil.iu of lOilonMe 
of plitiiomi: uu'l vvii.ii tlio :u^d tnrlMlo of .-hmIh yioM a wbilA 
jiTocipiUitt' of hyibit amihOHlo i.ointo. Thf*n) I'oiu'iioijR are 
aniilnr to tlioni pi’oiitiHcil ivifb pot.issiuiii oumiNHUj U 

lloatod M\ u Inso. ^ueii as limi' or r *iiv i.ydvkus amiuonhiai 
mlts ato dotvmisiMid, yiol(liu,(; aminoida ^< SIJ j). wliiub is rtsoHly 
Kolable in Tulor. llie i.ibition of tfrvf si<l*.t.iuce ia hoown ai 
uiimonic hjib*.ite nr nunuonin.'' 

1^*7 are voliAilM on j^itioni ril-bcr with, o'* witbnul, 
oMuiioMUovi aci'orvUu^ toibo nHd Tlim furt k ff import 

uue m Uiialyiivsil work; suiw it hIIuvu of the ui» of alkpiiai 



imroKTuii* 


■olatioDS and reairpnis v-fiirlt Uwie nciil'iittf lielmiO on 
li mD!^ if’iiii'ititK'i'f'd, bom'ror, lb.i1.nlil>oii:']i iiiJUtKmicclilmid^^ 
K Tobtilo, it niiuiot }»• iu lim {HYMi.n uf sniiMaincnb 

vliick ftniii voLi'Uo liik'iMiv. withoui ]<v-s xi[ tiit* Kor 

ftvuu|>l 4 >. frrrV jiu} ol'iLifvu *»•(* l'* i‘‘ i. i ' 

i}i('i»'>M<i' unio l•t!,t>l :<.;rjiilu) !•, niinn'mii* 

OM li vfinir t<» miu .onM'fi' iviliMinti 

Tl»‘i»f ... ili! i'i»k‘in ^l^^k jtiiu* ik* iivoiili'J. 

Bo'ciliv u. aiiiiimuuiii »}(> ik liy tlirir 

4 'volvlu;: * uiixt'i] i)i']i«.iU“l Hiili MiVoi ilir srmiiL'tr 

Tl t‘ aiMuiui'ia I'l 1 il 1 >\ il‘ by he> iilkalii.e 
i.Mi’ii.ih '.\Mi priii'i* :i (•) hy tWit'ti 

I'nmohi in l•nn^ «.•« vvi«l hm •, In <*ti. tiio nso 

oI iULMtonriui Nilj-' ■ mtii.. mia .i> ri*."vjjih. i' »' i‘*n‘'hory l-o 
iri.iki l>^l kii lajil iPiih.iti t oi aniiiKaitinii.* In 

ilu onlit'-n Mn»iv«r“*f w(»tk il v.iii U* “ on •■/iuIhii.” TJm 
•»«» Irl'*' il*' di.iIIk Ijimhi i>ii thcnn'tluiii 

ikM^! Ifn ii'i uci'. 

Solution und S-:;jumtion.—AlOn-i^'h .i!nn>( tiiuni kiHn ai-h 
iolui>!i Hi n.if 'I tin'll* i no ucir'Mty lur ([is*4yM:t{j tJjcoi. Tioi 
Oiu -‘nu* 

li*un;.i IS N'k**] v<itii iiii alkaline 
'(•(•I Mit' hUratr I am- 
ainl {<(ii<'i 

'Xito 'Mil ■.iiii':* N Mf i< Itisl c-ut in:n 

a iklski/filtHhit SCO Ca'H llljrU'ii}. 

TIk* Hji-); i** rli. *1] vill- a rukk'i 
Milk jiorroi lit"! Ill .1 20 e.c. 

nijN'itii tiUi) sx lfit(*« •■Jut iulio. 

I'lir I'ttur is I'^aHiivMHl Jih a 
nf'i'iu'i’, vLii'li is a M*ia'' (la k 
coiiiauiiTi'^ ilibile L)ili-o.*hinMts 
ai'iil (fit'. 61). 'j'lii* llaak r«/iilain' 
iin.' the flulislant'o is loiiivl. und 
Ilie p'lniter furt of ♦lie wkIu sultt- 
tinii in run m fii.in fke ]a|ii‘ll6. 

Tbe holuliem ia tlieii iHiilml. binniotua vo 1 iit>ni<‘(w. and is 
(111 rii*<I ovei* info the Iiyilroi !•!• 10 u(m 1, with wliieli if comiums to 
form ammouic ohlm-ide, Tlio diAtillatum Jh carried on anl^ 
the bulk of the liquid ia ilrivozi over. Tlie lunniouia in the 
reooivur will he mixed mily with th(' exixMi uf bydnvhlorio arid. 
Xbia ae^otUioii if need in uli di'tcruiiaatiuiia 

* Amaiooiom (xnQ]>oiuiilH wt* McquviiII.r ihoIucmI when ditHwilriog 
nclulh iu mtiitt iicld; gr «rncu niiatus arti Uualivi is tho pc«wio« gf Uw 
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CnAVr^KTIUO D 3 iJTEPMTNA.TIOir. 

7 Tt*rimlMiK ;i’"' iinii'-jewcl vm 

dii>]i, aud ov. 4 }t(>t.ii>".! na li.tMVMi'i' ‘ >1’.. H m nn'd th0 

ih T*'* I •< <1 "iMMu iviisilliiH .I:, a 

fl. Jl •* *1 I* )l'. {■< Jl 

lO'.l. «»r lit .5 v»JMI.hN ««2' 31 

ui '‘»i i “i tin- iifiwu H is 

nmipi ’l 4 *ly viihtlili'*.'!, Uivifi*/ »*r m ‘hKv. 

VOIiCrMETDIC ^ VPlClf. 

VVi‘isr)i up I,; u\ Uu* s'iO t •n*'*' *«•. I p*i '* 

u',\ f,!} j*. • '•1' iii‘‘ iicru'j} s .'pj to • •«' u' .(• Jliviii in 
t,|w» i/ivnor. .tP. {'IP .Pi "'»• 1 u*'*'»‘l 'A*, j, li'ip ill 
tihnrti/.. <Imi i'uvu'V'ti'. f'i . j; o . I , s*..*»y 

NiliUjiiL <•! o'l'i. iK'il puttl I- ■ . t.' 'uni.. . ;•' < I ... 

(ho]» :i ij’. I i'k'. 

till* i*"*'h'l ..»j^ :h ‘ • y itl’ I ■ »»■••• ’.‘r'.iU* 

(III* 1. * • I. ‘.’r'{i. 1 M le 

th' iM- of t’n* ‘•Jip^sU’ lu ' 'y Mii inmi 

tip* ^0 Till* *l.na«*H*«*'M’l .; 5 m sU hu.u-u i*f *‘1* of 
}>oriitii] siPiM Pi'sii.j*' i !a iIo* mimpplu. otpr. 

I'C oj * .pml'* ... liP iti'.i'i «■!. )||'’‘ PUt‘ I j" •• ••cot. of 
amtiPiiiii m ilw vP'pk* If il-* >e .ilr.. .o. lo 1 aa 

runipouinii., 1.8 prt]i^ of t'i»* -•pif I • ih t. *.♦ ‘i 1 nf i.j 

COLOETW.EntJC ‘JiM 2 N.VTjOM. 

'llti' IjvI’M.'L' «.f *• N»>s1pi‘..‘ j<vp;<»in, ulu'-li’-triki'-ta 

hrowit oil'Mii* tiinr.h 'll QHiiHoubfPvcu onliiifpA 
ul 0 uilbpKtiii m 10(1 <‘j‘. (if litjuiO. Wiili of 

aiiitiiiiUi.' ‘ft in*! 

iilk:Jiii<‘ h> iiiiitfii jHit‘*s4> :op>^ •trie i>i.[ptf; tiud is DtUh nnule 

f 9 ttiJii‘kut: lU'.ciliP ij of iiP'riiirit* (*Iik*fMo in 
300 01*. of u*iiPi ; tt:r s>tliiTi.A' !(■ oiu* of f'l'airiii ol 

|)olrihMinn iViMi* iij rx' c •*. of tiatpru .’tl .*4 iw'UriHuont> {iivci^laie 
18 prudiiml. rs>>th o!*pii.to. III'(■('•\ Tiit'ii *:<ike up (o a 
iit?’** l>y u 30 |if 1* (s lit. pj of I oP'rb. Acid uior:* ^ 
tliH •ijcnsirirC'iilMsM*'(rt iiM.* at .1 to.**-) i-Llti h |'■^1uaI»4‘nt ptfr 
dpiiuto la u^ulii fnro.isL /tllow in U'lio, diN’oiii, and iiM the 
c'pif litpiof. Four (O'iivi* r.r .'u%i ict'iioi uiiii looc.auflioniil w 
bf-iplM. 

i ,'^’iH*hr 2 SciatittH iriado !»y •Itf^dputf .>.31^ 
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I^nin of Ktuinoiiii* clOorido in ^jiinr, 'otd ililuiiti" fco loo i-c 
o.r. of iliis joutiliiiii lui.i iK'miM u i 'id- iii,«c.c.niiiiniiia 
■J.01 milli'jniiii of nil, •, ,Mi.i (XU 

'■ fiiin, tliii sointioft fiij'.'Inin^ ti»n :,u,:i>nT:' i fdiii* ii. if, 

di'liiiil.'K.lniiio. .111.) tos.nl, ...ii.iMnt I',.' n 

H'liniil. moM' .1,1.2 III n'oj il.lllUKT. Ill , , . Ji’. n 

rfil .m. (i-iii l.l•^.,lt„,| j",,' 

, don lit Tli.i i-Iiiiir nninil, n,.il ,i idni,;„ij. 

to »li« . 1 . 111 . 1 . 11 , of ..iMini.in ,t i,i.|n.|:, s. A I,....... ..ii.„.i;i'v i'll 

.. j'lil.'ol I.' .1.1,1,1,11 ..l', .,i,i:,i, 

.nri',1 iii-iv, ■.,y,i,.|.|,... i.ii,, .N, j,.,. 1,,,^ 

UllMl'il 1i> Mill! liMN'*’ V i'.li J j'a* o' * i* 

Afti. fl.ni.'iiif! It |•.|n>l{,. or ti..., ;i,n „ , j,, , i,,'. 

»ii.|i,ii.|u i.| (r il.r li.,iv 1 , 1 .. ..jii.i, (I;,. |,.,t 

if lt„, ni iil..;il is v,.,,.,,'!. ,,| r..ii,i, ,, (Im. 111,. 11,1,It],nr 

l.mill..l.l, nii|,..ii:i.,. Iiioii. „|. I ,s ,. 1 .,|,.,„, , III,. ‘.n, liinvla. 

• BlH-t l».. f,iM«,i,il Iii„| n„.,i),,|, ■ ,„t|, tl,,. Iiss.v Tn.i Vnril 
™*-iimi i.tt .Mil ..!!y I .. nt;,,.!, 

BO iiiiiili- Tl... ,1.'.Ill,.111 ,.r 1,1.i..ini.!„iil:ii.„i,.,i|,,| |„ sli„..„|,i(,i,,n 

-.t ..I..,.' Ki„ ...luM,:.. I„i, ,1,,. not ..in,,., 

BKiJ.ii. iv ..'..li;. 


Win t, ilio 1,.|||1I„||||| ill 50 . I..S, .1, ...|.,„1,,,iiin 

bIkiIo -,ll.i;,ni i. ,.rtl.ltllll„| |.y :. Milt.III,. I..llj.i,,li,.,,(|„i, Uv 

K. for. -,i-,i,:n. ii „in I..,!!. 5 r,o,, ,,n ;f j, ^ 

I'lr'llll'l wi.tl.r n, tlHll ll|,.,ll..l.„i,.. 1( ,„„n( 

Miiiiionia, luij in bent |'ie(i.u,al .lis'iljliio iui.ui(,m., frs» 

^niiig Hii'vi. 
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CIlAVii’l; XV. 

OXYGT.H AII2 OXWEh - Tllil 

; 

OnT.Kh *tH iiut :h u.*tv »'.j* [‘.T [.cr«f'tiV. 

woijjljt, <ii 'I In ' **• ' I tl.. •’« . 

ii* f« #jns, It f. ' '‘jM' •iii'i'under 

HmuitiJ. i:''N <:• nmnu ' i iVi% (lu 

Ks^i'^n in I'l^t ii'.b t) tnili'il up >: {< c .( <.i< itti •}', il 

foiiiiK <1)10'it his ii'ii-f II,xfiil • I'd !h<->v.‘I Mii'oe.tNH 

where hr iMuuiit aUhul e iKsiS'^ui'l \\> )iri •).<*:•. ('. <HVii<i.noi 

itnlyiu Uii* :tii\ !>ut .■I'H* ui-vdiisl iuv-a(cri ’.rl'inay 
t:uuhii: <m an livi .‘^e 0.00085 jk.i chuu h) ))cirti 

IK.T loy.crc. 

())u«uii«'u]iY, ill ie ^'hi.’uinp'ri-cd hy po« i*r * i ouJ.iiiinj, 1 npe 
rifthy ai ]ii .fi with Iht* oiIkt (-KnM'ni v f» riinii*^ at 

rlne'* ‘)f 'vtu fuiiniiip tiiidiv. Tiiu <i jnhinati»a 

nli.'ii injtjd, in iux>'U'tii.ni'J hytlie in^dulhin ol uini i.itai 
heiue oxv^»oii Is e'lK'iniiy ealiid the i!Up|milcr <f r.-n.lmeljon 
l*hv ir liileuiulvnntnfn' of iu tlir (T ealeinini 

*l’c. TL«' iiii|iorUm(v of u frc>c ofx-ev?.of «• 
ill u!l euiii v.iirk u K'cn when it ih m)uiiilK*iv.l that j hire of ae 
nnitaiiin 0.2075 <>f oxygen, mid thin fjuun^iiy tvitl 01 h 

(uadiHb 0.1115 eruiu •■( cuiixm, 0.2^75 pntu uf suipiiiir, w 3.841 
gnuur of lettd 

(tzidataon tiikifi p]»(‘c nt tlto ordIna'.-> uiii|<x7ntu)nirith nuis; 
Fultt^Huef'S. Kiivn)]ilcK ;.f pixh •Ktion iiv mvii in the nrailierui| 
of i^ritre, meting of in>0y nnd tiutlic n^•ay ot’iiee^ th< weaUmini 
of Nilutioiis of imuiy isilnviDK »<.» i.^x. 

Kor uietlKxli* of dtdciuuuuijr Mio rtutap* of c^cyyi’ii in jiMOit 
for tootiDKiii puriKiM’iH, the (diiul'iit is jevivrr^^f^ Wlnk}tf.j| 
LaiD^’ii" Tttdiaicfu (>iih Analjidk* * * 



oxmis. 


OKIPRS. 

.1 in: .■/ir'*, ,J1 ilif nm»r 

nn ' ‘n»H In:* v»\"li''klp W.Um* (11,0) ‘ijfjijn-* jiAr r.-uJ 

\ Nihoip bill', :il:Muini, !(Ui>ni 4 ‘>1.*) ! UiooiUr 

..iiH Ui'* »*m’ <‘f tln‘ lui'U'KKh'jii imiiiy (WR 

or'», !.« (.►»• 'SwOj, U-ni’ilittf 

.i.ri pwi»:iyi?o (UnO.i. ' Fii fjH, ilm 
*1 mill *1 *1 »J • .I;if to liio Pti'**'.*! uf ox\».n*i» it wn- 
tj.u-N ,u< \ may U- * 1 '. 1 .U ^}V^) of oTv;.'vw ra'h> i* ilutu uf 

ii» 

Mi.'t. «f ii)''rkl i»i ( H'iiliaiiy 

lov' 'ill* Hi'l will' tiii4 |j«>a(i- 

iii{» }h' ,j/ .'i j.viJ .‘j ipNi, TIm'' nudo 

Wrt'* f*‘n .iTiy •: ••til;,,'* usl ir-? Jotj*; ljn*n known to 

ili.u :Ii»‘ M-’i.j' ’ifMj viiicii if waM (Tor 

ox'imi'io. ;•!«{•* nu ^'isniA^, on tv]o!in<ir. r.j7i 

. ^hiits i'F «>v .;t.t:r 1) IV ..ta'ki't. ivll .Joivell entry 

tlji '•*.!'/»• ji.j i. ("’I ;;ii> O' •• T.i'U* 2.' (ji uiK itf tiu mill I'*'’!! Uioiu 

inn lu iil]> 'll. a w"-! }■• ‘j<i;' tu* !'s(c tlo*'iiiiHpa'< ii !^•n1l^t.a1»1 

■ Ui« •■ifM lot. .util tho 'itJ«i>li‘ of i>h> ii,»‘{i'I Imrnt lo 

a vM'‘ .*«•. s lx iiii iv.iia in wi TiLe ivitv <« 

au;i 1 !.■•* .i.'.L •i‘iil. .'»«■<.['« i'«. 'oilu fi'iinr*^!. TIju oxide 

■ plioh'.l i>( L'laiii., win h jiietctM' in is dm* to Uie 

ox};‘«'i: II I tnim too a.r imd niuiliUKol wilTi ilm uimal. U 

. mil in iMhiiitytJ fr’w lliu e\|Kniueut of tlirre han Unm noli^'K) 
lli}ito>ide ol liu isoiil.Mii. 81.33 jrfp itnl. of oxy;ton ft-d 7867 
pi*r fut. of nil. hi [leifoptiK*.] willi #{nM<cT-oiiTAui' 

• emv by w« {. irtvili iiK, ijHl-.ir rwiyenrs, sucli nitilo *acid, 
wJiiVli eoiiUiu A Liroc p)otimiio,i tif c^yj^*ll kiriHcly heliL Sueh 
reu^iiiih lov luniie.l OMibioio :ij,'i4tit-s IWdi-s uiLrie 
iM;riu>iti:;aii.>oi of jioltu'b, lii>’lin>Uiato uF ]iotj:<h, rind iieiuxlde of 
an* a-^xl for tbw pm|JOfie. Oiwo.e. uf nitric 

‘nrk) coiitairiK atn m«cb oxycmi $s 2.5(1 lifrcw of air, .and tlie 

S cnltT part 'if tbiit in tiviitliblu fur oxidiJng |iui‘()i>Rf.'it Try 
» foiloirintf tt.'tiJpnsjjont;—Take 2 cwms of tin nxid oorar in a 
BwHii dldiwith 70 cr. of dilulo nliric iu*iu, Iieai till 
^dflcoDjjwsfi'l, mimnle lo dryu'^fte, vrnftc. and The 

gruma of tin should yield 3.5.1a of onU. fb(> in- 

iu will bt‘ iiro^xirtlonidly Sic spiao »r iothu^irf)\iou.« 

jerimeiii by adriQ*it-rm, ni.d ix due to oxygen, wliieh inthia 
i liettn derived from the i^'tric achl. 

ir* THU win roqnbo (wo oe kbrse imin> to thomagfalT romplata. Itb 
^ to powdn- UiL' oiide iiivt and jeentdoe. 
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The poranitA^ of (urygon in th» oiide of tin (or in asjr of tM 
oxitlfk vf tli« Itcavter mptiulft) may bo diroctly <lot<erotmed hem 
ihj; «u(d) lii a convot of hydrogoo, and coUtuting aU 

wdgliiug the wait'i' fonui'd. ( 

Jt is finiihl <st)n.‘i‘rim*nt (hMl 88.86 |Kn'{’» 1 y ox^'ges^ 

u>tfli)aning«itli 11,1.^ )kiH- 4 of hvilix^en.fonu ioo of watarj 
w> iLit fvDui tlu‘ wt'ighb of iviUiT foi'Dii'tl it j< otthy to ealcnJati 
ilio Amount of osymm (lio ondt^ I'uulainid. 

'Hikd 1 gifini of Iho (U'uil iind fjowdmii oxide and pLu'u it in • 
aurm dry miiiiihnuu tube. PU'o tho Ink in a furttaoe, and 
comiMt id oijo end mill a ]iyvin)gai ttp|d.nitiiA luovidfd with 1 
eulphui’k nefd bnib for drying the gas, and at tho oUmr with a 
wi^ighed eidplmric acid tnk f(<r i‘<iljl*‘cti]ig the wuUt formed^ 
The Afp.iniiu<i reqniii'd is shown in fig, 62. Ptis. iijihogua 
tiirottgb the opjsmaus, and, wh'-n iliO air bxi Uiio rle.ired 


Fiu. 62, 



light the foiTuice. (Vtuiumeihe hont aatd nirreut (i hydrogoz 
for half an h(nir (or lonf;t*r, if neroapnty). Allow to pool. Urav 
a nuTt.nt of diy eh* thnmgh th»* weighed tnlio. V««h. Hn 
UK'Kti'iO in wogiit givm the umonci of wider formod, and thl^ 
mulli)rlje<] l>y 0.8886, gistw the wpi,.; 1 it of tie oxygcsi. Tbo per 
oenti go of oxygen ibns duiemiiupd fJionld be poniiiaied with tin: 
giA by iJjg oxidation of the inetaL It will he praeUaelly tb 
eoiiio. Ihe following reeiiil^ can bo tAhen oa exumplea ^ 
Twenty grama of tin, aiicuiod ea doscribed, gave 85.37 
of oxide. 

inwsiM of tin, oiidiaed with nitrie odd end ignited, gilf 
8.551 gnima of oxide 

C^e tnmui of tiip oxide of tin, on reduction in e enrrent < 
bydn^t, gsTo 0.2360 gnus of water (equivalent to 0.2098 gnu 
of csrj'gen), and left 0.7900 gram d mi.'tu f 

Ten gntitis of fi n-oiia bnlphato gave, on fdimig iguttion, s.89 
gnuns of fenhj oxide (F'^^O,) ♦ intod of 8.877. -i 

Tbo stinhmt should tuniilnriy drttamine j^japPeTcentago 1 
oxygen in oxidee of copper and vcn. The fflOW 6xide iBay;| 
prqiared t^dsaolving 5 grams of copper in of diliztom 
* Ko magnetio wulo m* ionaifi^ 



amm. 


efEporaUn?. to diyatMg, a\d Bi]n>n^y igniting tlie nm«1iie« 
R!>e ozitle of iron may be made by wugfaiztf np lo gmnib of 
^wdenrodferroushuHiatf (a to 3.014 gi4iUNorirou)itsd heutfng^ 
liwl |.»Fotly, to dr. VI* off ilio wittor, and tbni at a Ttvl hmu^ 
^til comjili'ioly (leci*m|KJN?d. Tiie woigLt of '»iide, in e.ii*li chm', 
•lllbould be ilitininmed; and tlie pcnrcninge * *NygeD oilrubitei]. 
l^oDipnre iLe figuruw Mrnvnd at witb Uiueo eal(*n{ittoi1'{mni tlio 
'^nmlu of tbe oxidiH (!u0 utd Pe/V 

» It ^ould I ? found ill a nioio extended iH'tiM of experimentB 
fiiiirf; the wux'* metal vill, under ecrtiu'u canditionx. form Iwo or 
^Btore o%idex did<*riu;; among tbeotholvi'a in tbe axnuunt of OK)g(‘ti 
ptbey contiuiL Tlit'tto oxides ore distoagaiNhed from one anchor 
such rniDiivs Ufi “higher" and “lower uxulw,* “iwiDiidw," 
1?* jiTutnxidea," “dbxideK," iio. 

f, The Jixidwt lUiiy Is* ef.iiTMiiently eliflaiiied onder throe 3ioflde>- 
r ( 1 ) Thm that arc redaoad to nteial ht/ htsai <dnt£j aiie]i as the 
fraden of meroury, aii>er. pli»tiinr* gold, dav; 

{ 3 ) ThtfM 4ft Ttdvcrd ay ’hyihrogtn at nrcd heat, wliich 
IJ&cuadoH the oxides »f the heavy moUdb; 

J tnh'ek arc ik4 roiveed by tier wctf/i*, good exiunplee 

which aro kUicr, alumina, tho nlk^iee, and the idkalioe enrihii. 

I Another unjiurtaut claRsUlcation is iuto ueid, hoxle and neutral 
'ttnlM. The uvides of the nou- 2 RCL*dhe elonientt^ sueii ax sulphur, 
lOarhon. pLwpbofua, Ac., as a rult^ aotd; aud the more oxygen 
.they 0 (»utiuu, the more dixtuictly arid tiiey ore. The oxides of 
^6 metftla ore noariy all Uvnc; and, uh a rule^ the lew a\)-gen they 
lOOUtain, Iho more dlstuKdily basic thi^ aro. 

< Tlio bohio (isdi>, which are soluble in adds, give r> to ^0 
jfbriDato of Bidts when disaolvod theroia Punng the aJutiou, 
^ntar is formed, but no gar is erolvod. Tho oxxdu diwolv'M in 
noh CBtt neuiaaii^ an equivident of the acid xhvd for sedation.* 
ne bafflo properties of many of these can be tahen advsntnge of 
|or their determination, This is done in ^e qw of soda, pohudi, 
pfane, tat \if ftodiug the quauti^ of achl nqniied to nenbuHxe a 
fehren weight of the sufaetianoe. 

I There aze some oxidee which, under certain eooditiniu, ore 


* for example^ 

CaO+xHQl=0»a+HA 
rbO+HA),=Pb^.+l£A 
IW+aHN- .-Mb(NO^+I4J. 
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the ^er hnml, thiy cmnbiiw with fulpliurio. »b* hydriw^hlorio 
playin;' llw* |»sirt l»n». ' 

Tlic kiiowu :*» •* whi'ii .viv luaiiy o( J 

thp.m III alUioii;*li oiihily * 1 »>o{vih! 1 h fom j 

Tt w iDniiuiui in comiitilH iumlvittN of mini nds t»i initei 
c.irO m t),(* {.um tot:J of iliij oloin, uU; firtnd f.ill- Mhort of '.- 
tho amount of otviakon; und hon* o.svvs n murt In' iiHilird for. " 
For iLls oei'ii* «• »b Iho r.rJ* ol a i.H\'nro of pyiitm with ' 

oxido of iron, oi* In 'i iiisxtuio of m, I pQiplml'v. The,-, 

hi lie in tthich tlio ii:^ wx* pn>Aehl, and f he ]'oii-i’uln;»«' («iy.' 
of enlpludf^ nud fuii in im nr oi v-^ U- ; biit. 

thu ii* noLnlwny’ rcHiubTi] When li.e •lilhinirt* ietwoon the' 
Mint totni iiuil the lonn.l is it i.< i*>‘|Knieil ei'> 

‘‘nxj^nimd Jons.’’ Wlion, howi-vei*, ii is I'lo-v’itjeii * 

Tnttviteji'jNuiisi as bitch; uml lU at'iomit Iv- /•%!».r ♦! ■i.i*”6mod 
dirudly in the v«y Si‘n'“i«1y di stIIjc'I, wt «*ikni.:.r .* it-run uu* U'^tt ■ 
di-teriDUiniion ihal r..n •** nnidiM-^’ ■ u-lrfc .-<iiio<n/ 

ea)pbhh/s sulphnte.* Kc., jm* onl Mich.«i iMyfiil 

qualilutivc nni‘l)'sU to find iht :l.tt t]j. s.iio mho L-i ]>is ,4 jnij 
ttud then t)»e ^‘jwrsi'L' • o- -jx-f. oo,bt o. r/ :• ui-..h* .‘ri 'irUlv hb ' 
powlle, TiH'-ic rewoil'* f ‘h to vu** of the hoiey* 

nietele. llie n^^iaiution o: lije con*i Un -iL: w d wiiii Miit-’ 
lU'lefr'lrHit-*nj/p!i(d in jiTCtpi.r I'ltl-i'. TIi*- oluUh -■iji-Juinis for: 
AXiunplo. iiie eilnu'tiHl vilh wnt-cr; tlie iX'.ehs l<y tho •kiuln wide ! 
or alktiUcti in whicli tiiey uro Loo^n to im* &dui>lc. 'ihe o\\p;ea'( 
in the Hulpbntei- :in<l oxh'es thus olit.imd it: i^iiDnsUtl lydl'ter*" 
Diinui^ iLo fenI|tl)nT ninl inotti^ in tJir^ ^olulioos luu) uilminlmg'^ 
ibetmioimi of lay^'u wiU) wjiicli thi>}' eombliie. The irntiUs cn/ 
the oiuiiiM imd nii^ie^ nrc alruosL jUMiriiihly ]ni*seiji ue oxidce^^ 
and airc rc}infiod as mch. oxx'pt it is hisown lUn’; Uiry nr** fireHCint ■ 
ill v^oiiie cilutF form, ttonh llnoihle or elil'mdc. Tliu-^, nllob r 
^nmine, Kmo, water, &o., apjioiir in an amily.JK; un*n in those^ 
^‘aBeti where and lospi^ifi who nicntiimt'il. Ah un examphT^ 

of such » report, takotho following aiwlynis of Spunnh pydtee;-*^ 


Sutphnr. oO 

. 055 

Co|*|>fr.j.x> 

ATW'SIO ...... U.47 

load *.««»> O.CJ 


Ifilno. t * , ''.jS 

Unw* , , , » - 0.10 

fiiliof. Af. ^ • . » « . 

Witw.avo 

Orrgeii ud loM . , . , i.c? 


leaco 








mnn. 




$ Hie follow uigf'sainplp mill iiJustiutA the 2 D(xic of caKouUUug 
iDiioititig. A ifiiiii‘ril. (Mnirnu^r «>4 (Ywliibi RolubJo in 
iiiid fiiund on 'li*!;' tt> K) u iiiisMl of irtm and 

^itopiier, oil iinsiKvM iLo ftiitin.iug rnanlth :~- 


Siilr.L’..)f'.' otide 
foil*-' . 
V»n'-,| >.|| , 

ZLif » . 


2N.^ 

M. , 

O p 

01 $ H 


<>4.*4 


Thwv U lu‘r<* A d‘mloncy of p.ir ihio to iwygen. 
'Nothing rlM‘t'o<i]d If* foimd, auil tl ih kucwiiiiint in 
,tbe TRcLil*' Si' 0^1 )r.* Hv mnltioMw i]m> voight of the 
oof\x>r )y <.2^2. iliH Vfidit of topjifr i ( 0 u(»» v»iJ( U* aAcor- 
.iuntii; hi Ihi'' ..ih"* »t lo •, cn'Ul. lln* fortows iron 
-nultifijh"! b} \tiM gi\o liir loiidc (KiO); in thw 

leaaeis.it; |<i’i' «viit fenio iron multipivil ity 1,^3 vii!] givn 
the o'ci.V in ilii^ wi.-o 0.54 [kt n-ul. The line 

milti|»1n.tl !>•- i.ijd vvjM iln* ziiu* oxide(SIull): in thia caae H 
0.35 }N r it III. The ^ltal,v^v• irill bo (‘ojioiicMi da — 


ryi>li*Luii( omJc 

CVijiiM-i nvidf*. 
Kviiom- M'.ide 
F^jtjo oM'le . 
2tU)o uxidi* • 


4*1 

siSj 

ig 37 o>iual to cup{>or 8 .14*/* 


. 15. »y 
. 0-54 

. ajs 


99. y8 


II1A foiloM'iug (A) IK an azii)';'siK of a nniiiplo of South American 
popper ore, wiiioh Mi'i) aervo rh a fuiilior iltustm&m. The 
Huul^ie tdioRAd tho [ntiRitiico of 6.89 |xir cent, of ferroos oxide, 
^d emne couiio of coppiT. 

■^.1^0 auaIjMi' (II) IB tliat of mi (n-e fmm thi' <«ine mine after an 
iQipcrfiTt rooKliDg. It will be etrii that the mrbnimtfv bftve lieen 
Mvrrtci into bulplmittf. If iJie totiJ aulpliur aimply hud been 
flatenniiied, Rud tiu* Milphi^ ov\ .‘looked, the “ and loa 
i^d bavu 5.65 per cent, ao amount wliicb would obviou^y 
^uira au exptanatiua. 
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A. 

B. 

Water o t t 

0 . 2 $ 

aS 9 

(hpibtc mntlcr a 

0.54 

... — 

t<iU])hut . 1 0 

J9.50 

*1.33 

Copper 0 « < 

ia 93 

... 9 .» 

^ », llidl) . . 

Iron. • » 1 

33.09 

••• , June oxide . 

].eaa . , . 

0.3s 

... 0.12 

2)00« • t • 

o.{io 

... a69 

ColmH . a . 

0.(16 

0.11 

Ltoii) . • ■ 


.. J-Of, 

Muf^niYia. . • 


aS 5 

Hah»bi»io 

1.0c 

5 -Jo 

rlloMilH, , 

t;.87 

... 

*' li.Milnlile 

5.11 

8.38 

Oij'gult ttUO luM . 

2 .S*> 

1.47 


hna-h 0.15 


loaoo 

Sb'b » ) f <0 



loaoo 


WAlliB. 

Wntff fiom™ h> miiipwls in twn lornin, fn* and comhiiMdi 
Tlin l«m "nioislnro” ought, rtiiilly, U' Iw liiiiitol tn iholiirti 
idtlioiigh, m* luw alrfflwly bfen nx^jlainetii it in nutro rtoiwniient i|i 
annying to ajij)!)' Ills term to nil wnlor wliWi in dtirra off cial 
drying at too* C. The nimbiniol water in imlly n jmrt o( ib^ 
ttiiisml alUiough it may be driven off »t n high temiatw 
tnro. wliich Twins with tlis Iwns. In some cones a prolonged lec 
hailniiimjuiKdj wliiliit witli ciystiilliiii)d wilts it in imniilinitj 

f n on off Kt tho mdiniiry iouipcnilanVi. This liitier jilienonionofc 
iiowu tw effloiTiirtiico, in oiiraly routined to artitirinl kiite. ^ 
Tlio drlrmiinatioii of die romliineii waler mav ohen Ixi ma^f 
h}' simply igi/tiag the ^distance from whirji tiic inoiidufe hM 
been rnmiired. TIm' quantity of watoi may ho drlriiiiinod, eitlK^ 
hidirertly liy tlio loiK, or ilirortly 1^ oolicctiiig it in a calohc 
elitoride tulio, uud woigidng. iti tome rawv, in uhioh tlio Inea c 
igiiitioii does not giw siiiildy the pnqioitjon of ooiuhitiod water,! 
vao le aeon fiom the iinalyTOP to what else Uiu loan is duej r 
after a proper doiiuction, the amount of watair ca". be odJiaa 
For esampie, i gram of .myaUdlised inot nii!|thnto wan found 1 
eoiiuiin on ansJysia 0.2877 8"®* anlphurir o’liils; and on Iga^ 
n.g anotlier grant, o.a.877 grain of ft trio oiidc was loft Ae.t 
wt ia Iroowti to Is madn up of foi roua oridc, sulphuric oriOe, f 
eoaibmed water, the oomhined water am bo thui cahiub" 

. o.t8;pgnun of fame ocride i* equal to 0.0589 gram of fa 



ind ronsequcpfly^the kji on ijmiUou hu l«Qn diminvhud 
r o.os68 pKin, whicli Uio wpiirltl' of oxv^^nn uhwrlNvl tlie 
iTotv oxide dimuf 4'o!<*iinnj;. Tlie on ignition w:h 0.7123 
?KriOT, to wJiiVU imtftfc o.02Kd jntiTn: hen<*.i r> 7411 ;*nun in 

^thfl tvoiclit of (ho tiomhiiivd MilpLuiic oxidr iu)d wtiti'r 1 i 
j^X)e»liirtm;; the irn:*hf. ivf Hilphiirie («ide ' • t-d, o.;f77 (^ratn, 
vtiioh' Ibhlt for eonitfiiMHi v 04534 ^^raiu. Tlu* c(mi£)c«itiUin of 
jt gum of the dT7 ntlt ie then t*— 


Wat.T . . 

8jh'lumo f'tide 
fcrruiu iisuU*. 


o.j '<77 

az5S9 


)1ic foBowing 10 UDoUiiT example;—^Aiioui|de of moloeliite lobb 
tm iguitioi) 28.47 cHiit., 1t':)viiig a rTvidi.-. which w;ih found on 
uudynls if> Iw uaidi' u]» of oxide of c(r{>|jiT (equid to 70.16 jkt cent, 
m the minerul), Olid nlii'.innu ..Ue of iitni (e^joal to 1.37 |Kir 
oeut.). (iarliou dinxiile and wn^T (hut u<itJ)iug else) naafound 
ito be prcNUit.(iiid iJiC uw'Isrn (Ito»ideeniouii1'H!(o 19.64 [tert'ont.; 
deditctiiig Oini fioin (he loi« on ignititm, we have 8.82 o» (he |ie>v 
[peiituge of v&iitr {uvhoiii. Tho then repoxiod ea 

I^WB 


C’uvric . 

BiIid iuiW fenio uuiUt 
Cm }iOn dioxide. . 
WvutT . . . 


70. !•'» eqM.>l to 50,0 •/, oopiiOT, 
>•37 

S.82 


llirect Determination of Combined Wator.—'.CmnRfer 
fd)uai 3 gvsxm of (iuj huLKtibOe to a jtUM'o of comliuMtiaa tdhe (8 



to 10 inches long), attached (as la fig. 63) at one end to a U^be 
nlphnnc acid, on ' at tiie other end to a ealauni 

Fe,^; iFdb:: 0.2817 : 
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tnlM^ T}i(* luid> is 7r«i^}i^i] j>t> nuup tu tJie 
The iMU* hiiouM 1« w.tn’hHl >• ^ »MiHiru i-AmpI ‘(k* ilryiu^N uud munt 
lie fiiHi fi-uifl a iiti. 4 y a <Mtr}»nt of Air 

fhniii^'b (la*, '((ijqir.ilu*, Jii-.it Ma* inMiontl by h.c.'.iik <if u 
I’Cinirr, rantiiHi^ly at. fii-MNini'l allJ»' (■■'•h.t'h.i (if j*e<i‘S- 

• 'IV r ,s Kii *1 t'OC'b: m>. I>. Mi, Jilo- 

ridn tuV. ulddi t aft au.i: \ fivJt'.t .u.>i '•('•ajVt <'t. 'Jhe innojiie 
ill wiiVbt ia (iiai ;o tii*' rt.in"' If 'Jit ;*ivts (*(i‘ iMtl 

IimliiiHjt on ii )it'.‘irou.Nly uiixoil ailL huui*t diy v^ido 

of kill or I'uro i 


EXAMIHATIOK OF WATSES. 

TTiPi'WfijTr (• Jk'‘] '»»i a.v ila* |ntt- 

jvvii*of [he ‘Ui.l-j.*. isfi’V' 1 , .l-s ctrt.l.ijjic*! 

iti il, and whirlluT it* '■} or itei la f .< I'.u 

{Hirpi>M a, 

lu '*[■«< I’l'/i’* till' i' ' r.. ]' -f j yo.J j'ii’ii'.a*- 

tor, K‘i>i • iifiiv '*1 h:.- I’liii'ivU not I'li'i Vt 

Klwt fi'>Hjii.‘'itly im)i lb i*iH i ii.. ,• >'wici'iau'ily 

lUHxi l»y In *:». .,{ c* •. ti>i: }».• ivay it 

would Ilf ftliiail Kiiic**!;! Lho ria-r W.i'ii of Oi‘hi‘'rty 

liunty wMl d(i flit pm luti, th * rxtilui'c aid '!•. >iit.lly (n 
llie i]hpm'>tH"i mxui- !'•' ktiowu 

TliP rolloTtijit* Jt.'emin av uf clij* I 

Total Bolida at 100 * C. -\Vh<‘! ^ '>>iiit>iy ti>t' ivr 

qiitrod, liaLi roo e.e. a.id > tla: vv. t<*i-liaU: iii » 

dull; then dry In 0— v> <ti i* irvc/i, and \ri‘i;;b. 

Total Solifts Tk Htnire ivddHu «!» n*yy ^oatly 

i^!iilc<r^ltfi pi'ij (Itf iifid \\ ‘il bi'l'iM’ irilu<vi)..tiK( aitain neighed. 
A Lii'gpr luei OiuiJ 4 or 5 loo.ooo ou tV inter /oquutti 

an o\plau.itifii. 

OhJormc.—Tako :oc i-.c. of rite u'ut'*i'ui ** [lOivilun diohjodd 
2 C.C. of <1 5 ][aT cent, .■•iiluttoii i^f uentr.d pot ‘vui ciirornalo, and 
titrate Milb a nmral ebitalin] S'Jtifion of nimie of i liver, tiuidf 
by diMtolvin^ 4.7S9 gnuiM of ujysiatbMMl tilvt'i* iiitjido '.n dHiIlad 
wntor, ftud diluti>i;v to \ liti'e. Tim uddilion of ti'c niinte of 
dlTor » ('ouh'ifiHtl luiti! the yellow of ibr toltilioii rU 

reddish tint. Tim miction ia very sharp. n»(*h e. u of nitrate rtf, 
diver ufaod ifl eipi'd 1 |wH by wctglit <*' ridorjue iu ico.ooo of 
water. At inland plae&< t;iiif> rarely 1100111118 1 '> tnrxn.- than i in 
100,oco; but udu* the aea it inay am urn I0 j or 5. lilotis tlum 
iiibt requirup oxpUnniiasu utd fgent ndly haHnirua Minitge poOutios. 

Ifitrlo Ponloxide (K,U^).—Jt is more gopefolly ipported. 
Kuder ^e beading^ nitrogen aa iiitmt6i!i.” 250 c.0. of tht^ 
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I. ^tcT ovtiriitnitt' to a (O '<,.c ; hi Mnlub* wiili tx few i f 
f iihlWt tu-i.l. kk] <v‘i -U-v Ui )i (n-oii;* ^ino" 

suipKiuic to n • Ii in tin* lf!n<-<V ‘IV "nihni'ic uW<i 
i«»'.I i«.1 it te’.t“* sh( t»i.N i T no 

with ii}***vi.iy. The i... ‘.oj n.rHc uNix)-* t 

..;t j:i,v nltn-l.' i- Tin unit of iln' niuir 

\ii»! Ix» tioiu is»*,*“rutute »ui*l jo’i'rt'iir**), ninllij'liM 
. pf’clsot !irirr‘j. m |h'r locsoov), ni*. niu:ii}ili(rl ly 

0.065. '^1 > i!i.> jK‘i‘tox 7 ile ii> ft'.il.'v p>i* 100,000. In 

wnll u.o-1 • il;ru>si» i:. i, Ui »y Aw»"n. 7 <i 0 . 3 i>ro .4 7Kn('( 

It^r low .“■t'; 'li h\ i!i‘hly i •! MiituieiH c.7 oi* ■'*.8 j^uts jji*r 

tCK\i.(r>. An • *.f njt.it xi i.’i so {itenton li'nturi', nu>l it 
gi'uri.t’U 'In** to i^iovjoi]'. fun* n. 

AuJax.'Hiil.—• 1 IIm* iVoier lilin**' iti a 
irUii't(if.'ii h'mI ’‘11^ u l/ul».yV I »M*it.' 'e* Aile' u(Jro|* in* ino 
of >• *«« lt*‘v*n nf tio yf .. 1 i.i •! ili.'in rnw too «.(•- J 
«r.'rtU‘i f <M*. VI friaU'o ti«e natUiiniiit in tlio 
di*iii"it«, f'lii /*»!’'ttirii I\*vsU*i'\ i[(vri1i(*d 

ntnl'T-I /mji* •••j X t ii»‘.’t. ’Ai ,li .1 ■ ‘ntf I'tl H'llnf. »ii uf liuiiiirxic 

*i (• ti; '■ ^ / 111' ‘'f fni’i 'I'lit* cltlyii [i. in 7 li»iv of 

inittr. Mfvi-.e. 'iii.ijiii o.O) of .nitutoofri. TlicH('>roud 

v‘I']'‘l.nw Ii«ii*‘, I) im, .‘iMiu'.iJ.i i<; 1-<nnreh. The 

omoiintr i' vu'* iu U•rl^ ••Uv.lialiH m-e /nidtid lofniher. nml «*- 

pit.'Mii ill jh‘irt* jn-r iO»i..*K:n. 

\Y.i» tmliei iivtii 111 1:11} ittjik wntfliis) wbvli mtiro 

tkui c.'-fj jif'' nri’ >11 |>i('u>na. 

Orijiiuju MuMor.- ’fTi ur!^iiii(*iD,.^tvr (11:11114 lie dctenniiir'd 
dhiHlJy: !)ull<« »n>liii..iv piuim-ns h Oiij' Iji* jiKxiMirt I li\ tht‘ 
uuo«iiit(«f !»♦ |M.frt..»iiaji wlVli i* mliwr't, irfij the 

amomivof .lutiitonlii .1 •'vi lvcs nn wilh nn nthniine 
pi*nD.*(ii{:ti£bM/> <,f pol.> >tn)>> •oUili; 4 i. 

A. JlhtfWiftld /l«e 4 n''/ifV.-‘-Tti (lit* )'»^idllH hfl uflei* <li:,tilli7i<'r 
the aniinotili ;nM 50 im. nf a «nhiiio<t in nle hy (b*si<n1vu.t; 200 
ptimH of jviinelt ami 8 fftiiin?! of pobomni jn iiiuiii^niitito in 
noo r.0, of ivutee, .Hid i-xt'lilly lnjiliiij; till Ihi* voluiiio ia mlucnd 
to 1 Hire (tinebhduhi )>. in u well stoTHH-aii lioWlc, uud be 
■oouoeioiiidk IrsUxl to whi thr.t it U. ii't'y fiinii timimmia). tJoiilioui* 
:tbc dUilkdiuit, o'dlciliwy 50 c. .it» time, luiiil tho diVilIiite ik 
fiw fwJin «mmonia. T'lireo or 1o«r fniniiuis nri7 gene/nlly eiUK* 
‘eieut. DcltTiiiino ili*» nuunoiim oolorunetncnlly h» before. If 
tfajS total (4lbtUDiun)il ntniiinijin doi« unir exw’fd 0.005 *** 100,000, 
tlu» WDt<*r may l«e rci'anlcd as c'-nui :w ui^uJc mnttcr; if 

^ftamounbi to BKSfi than o.oif it is dirty, 
fe,. B. O^m A ‘ iimlird tduiioD of ]ionnangaimt« 

^ pofahb Ik made by d^ilrjiig o.z% giimi itf the suit in water 
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BBd dflutiag to I litre. Ench c.c. pqnolfi 0.1 milligrtun of bvbSIS 
8?de 015’cen. TI»e following aiv alio it-quii’cd:—i. A jwlsition 
Mxliuni lirjK«ul])lnlo contiuniug i gnuBuf Ihe Ra}i(Na,S, 0 ,. 5 H| 0 )^ 
ill 1 litiv\tHUT. 2. X^ilnic tmlphtuia add,m&doby aOiijliigonS', 
|iurt of the add tit llinxi of whUt* iind titii«Uiig witli tbo 
gwiate wintion 1 HI a faint jhuI; after wanning foi* »u\'aral. 

hoiiiu 5. S^uox'li joal-c. 4. umImh aohiixHi. 

Take 250 <!.c. irf flie water iii a Ktopja’iip*! Mtlo, oiM lo o.ft. of 
Bulphiinc Ht'id aial 10 c.('. of tlio pi‘rmiingnii&io,ain] allow to atiifid 
is a w.onu plaiv) fiv four hoare. Tlu«u mid a few drojv of tho 
oolntion of pntaBiuum aud litrato tlip lilanaUni ii^iiiowitb 

hypO}'' n&iiig ^tarrll pttalo ioa’ithla tlii* end an iinUcntor. To 
etnndat'ditsu loo hjp(ftttil|iJii(o, take 250 o.e. dl Wiiter imd lo c.c. of 
lulpiitiHemnd, and a fe^t* dropa of poluhdmn i'ldid**: ilni> run is 
10 C.C. of ibe**pcnnan^'^it<'iio''wdniion, li<inh*;alanit, 

3oe.c. of ll’o ‘‘l.ypo** will bo iw-l. Tim diircrwiff in tin* two 
tilniiiona. diTiditl by tbe Inst and a.iulli|-iUil Iw jo, wiDgtVo the. 
O.C. of ^lenutuigniuito sol'll:oi> iireJ in (ou'iiriiieineo'^^aiiiii'nuittar 
in the 250 c.e. of wak'f iuidi oc. repri'H.'iiiH 0.04 [>art.i of 
caygeii in ioo,0'*c. 

Motnla. >-T'ier2* may fo: iho p< i bn c^Minaied eoluiiino- 


tiiniily 

Lead.oTHko too of tlio ^ator iu a N'l-sslui tulip, ind add 
ioo.c.ofKii]plmrott('d lixilnigra W'alcr, aif compareIbe tiitb, if 
any, agaiiiht a Ktnuil.t!il kiwi ivlutioii, os dallied ttodiT OitltH- 
mtrie iMtl. in pamper 100,000. • 

Coppoi*.—'PriMii'*! 08 wjKilia L'iit>iuHii]oue<i metnl; bul^ if. 
lend in iiIko prM‘nl, hi^O doim 5C0 e.c. to ulutti; 50 c.c.» then add 
nuinionio, filter, and ecliuialotlioi'opppr in the blue AdutioQ»aa' 
dertPiilhid undpr {Vi/"r/Midr'c 

Irofl.^UhJie 50 e.c., or u fuSuiler quantity (if iM-ciswitry), dOnte^' 
up to the luark with dirtilled water, nud doiermiuc with potuMiulii^ 
aulphoeyaiuitr, as ilcN'diied imdor Vchrimam Iron. 

SU^-'Zinc is the only other metal likely to be pi emmi; aiid,| 
amco it canned be detenuined coliwiniotrlmDy, it must be sepmitely^ 
estimated ditriiig IIk* ozniuiiuilioii of the bdiil ebltda.” 

Ezamlssticm of Total Solids.** -Krap'irate 500 ha tSij 
dryncHS with a dn>ji M* two of liydmchhifrie iitid. TbSo op wl^ 
hydroohlnrii: acid, filter, ignite, and weigh ilto rwddne us. silica.*^ 
To the dltrate ai^ a lillle ainoiiniie ehlorid' and amuionia, bo^ 
and filer, igsilo, and weQ;h the procijiiiate oa “i>iide of irotfp 
and idumiua." OoUei^ ili" hltrjte in a siiiidl fithk. ;* 

1^ amiaonium sulphide or jjaifc milpburolted 

AmIc, and allow to ataud ownighl; Altee 

Uie fine mwotrioaU:' aa oxide of lime 7 wu**^*^ of 
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the? nboold havn J.vd preiionsly irt>maT6d wilh sul- 
- pbnreltMl iivtlrogpii in tlio MtItiUou. To tlio filiruto aild 
‘ anUDoiua camte:**.*] Htniuoniu, UiU for ixmu' titup,albwto6lau(i 
i&oiite, waigh ua '* limft” Krii|ici-Alu the tilfmto 
with uitnc aud. imd i&niia. ISkv u|» Tilth .1 few drojia of tluip ** 
hyilrochhirlr nridf odd baric hvJnit/* in iM, oin^'oruti*, nno 
flxIOTirt witli wrtr*!*. lliorc^ucooiiUiuiBtVnuij^ucsiu: bnilwitli 
dduio Kulphuru* acid, filter, prH‘iitit:itc it with pliOrpkHto of aotU 
ami timniriua, and vi*i^'h as jiyropbnsipItatH. The .iqneona extnu!t 
octfitnitis Im.c iJkidiui wiUi thr ntwi of UiriuuL Add aulphnrio 
M'ld ill cxctHB, ovaportue, and ^nita etronjifly The 
nwidiio ixiukIsm of iito (ho (ilkaiies (wluoh aro 

au)i«>ntcly durf^iiiitiod, iii dowr'iiod under PtU’ifA), 

Salpliurio Oxido (hOJ.—Take 200 vx. and boil to a Koiall 
bulk wiili a littio hydrx’Jjru'ie Utdd, tiltrr (if ii»'cuasiiry), add Lurie 
chloiiiU' Miiurirm in (0 tlie hot Hulutbu, filter, ignite, 

ami weif;h l/iric suipii iio. 

Carbon Dioiido (£h*OK- Ouibun dioxide erisU in wuton in 
two fuiiiis. rri>o ujd cixiilniuML The hitter gciuTuUy occun* an 
litsu lwunte, akhoogli on ai.idymri it is mure eonvoiuoiit to oouWdt.T 
it ar oai'lmiMte, aim (0 count tiie ormni of earlsni dioxide aiili 
the free. Tim aetliod ui as rcUonn deioruiHie the free 
coriKiu diuxtdt, take 100 aa of the waier, hhice Ilium in a Aiiek 
wiUi 3 e.e. (>r u aliviig solution of inilcium eliloride iind 2 c.c. of a 
Kiliitiiiu df nmmooir chloruJn, mxt add 50 c.c. of iiioe-wutor. The 
stFuo^tli of the lune-tiideT muiit fie known, Meke up (<» 200 c.o. 
with dj^tilKsl wnliTt Etu)i the ilaak, am] allow tlie {iruciiatato to 
aeitlu. Tnke out ICO aa of theelutir tioliiiion uHth a in^te,aDd 
tiiRdc witli till* I'Kuiditi'u Hoiotion of acid.* The nnn.bcr cd 
roquired, multipfi^K) by t^ >j, and dcdootivl from that reqtfired for 
the 50 O.C. of li)uo>w8tor,Aiid (hou multiplied by 0.0045, 
the cnrlNin dloxifle pi eeont other than os oonnal curbouatee. 

Carbon Biozidd oombJned oa normal coibonate.—100 c.c. of 
the water are tintod with pbennoeiolin or loemoid theu boated 
to nenr bmling, and (Itnitod with atendard m-Ul. number of 
ti.e. need, uiidiip]i>sl by 0.0045, ^ weight in of 

’ the oombined o^xm iKoxide. 

Free Aoid.—In eume wi''<cr8 (eepectidly those from mining 
dhdiicte) there will be no oubonatcii. On the uontrary, there 
• may be free miDeral arid or acid aaite. In thnao i^tiM it is 
;^neoiKBury to determine the amotmC oH add (otlier than carbon 
dkoide) pr oBcm t m exoM of that required to fonn norrial Bahe 
^ 33 daifl dutu in the following-i«yi—Hake an ammoniaoal copper 

iqooa ooM&i I gWD d nlphorio aold, 
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hy 13 trr»iu)« of rt))'}’>»r (rii8()^.5ij,U), 

4ii'M)lvtnp iri wutiT. Q<MItir »«*i ‘liotj of ainii nni.i until tiic jimipi- 
tall* lust ftruial lia^ n>Mvl\ uti«1 (Milling* 10 i Jhre. 

AHoir i.* ili i-.int t»ff tlju liiiniil. Tii** i4i*‘iip1h of 

Miii« r^ijutjoti h> I'ut' n i.uO \iy 10 «>r tbo 

MOnul.iitl »!i>luLiOTi ui h(i'|htiiic .(«'.)>{ (100 c,n.ss.j luiuii If HOJ. 

Il'M'.'irt) U/* '/tU .i.- )}iO '»)r|t|iiT) 

tni'Mil fnuu pnv 'MijPM'’ li\ ii.t'n. Af /Iw, :i>; nWi 

falUiri'otho Ill'll] M.lutj* u. t)i'< (irrii/iHtiiu 'U<J iMilifito «jui 

b'uo wiiii t.*K‘ frv>>ii>'i<]Viii>n<i litiiihi'iiii'jiil > upnt' si]l|i[i:'tcf>: but 
tw boon ttb Ui»‘ fnK* :*<v1 i-* its»il up. Uic Jimiioi lu in tin* t drop 
iK)t> otiJy {irt'i’ipiliili'ft .‘iti isaiiv.ilent <if h;i4l>.i<M tiv.uttiui 
fM> 1 iitioii, biil al.olhiDU’^ tUm’iubai i^uruxl ii\ iiH'il. TioHitielliM 
u ujiplk.iblr ib th( ]h*m n>i of iltht frrle, 

TJk' s1>!ti.J:inl>''Uik :iiid UMMlrai Iv untu a »'f'r ilt>> a.iiuo 

wni'lili'ii-'^. Kfif oiiipliuiK ju'ifl ■i»»i fiiv pn tlominaiic 

ill Ilf thv. kiiiiK it i • n)o^^ .vr .v. -ot 10 rrjKU'l (.Jb .1 niity 
of (•lie fo' I'.jui/i'f- !• <4i s>i ii.uili !<: 

Di^l 80 l 9 lyJ Ov/gon. -*.ri II. t>..> i >4 Ilf.' nf 

fur il'rtnivi'l cx»’;4a.., .tul lo: Simj- < u))uiiu>^.ric 

ineiJi(x1,1)jvb(.iri<i'Rt l^.Si P»»i»V •' V**Ji'nKliie 

Tliv foliouiH;^ inun kis} lioi'liiKi uf tin* fim* otvlx'II iu 

a wuut:- Tiil«v of n M.ihMOitS i'li}4ui(]t' Milmi'iu (ain.-uf so 
gTHiiibtill'pctll uiili io<‘.e. of ]ii'dixir'iJ(»if nHi to tli*' larn); 
add JO i‘.(‘. of I , .Iiir'ldoriu ncU, .iiul i anib) in m 'itiniv|ilu're of 
ftu'iNin dioMdi’ iTTikbi'iiidiud (H*iiua»piinU;of BoloiioQ 

(oiaiit^ hy dKriilviii^' i.i»}5'{iMuid Lia>;s.*ili in i turooi 1 r.c, 

e(]iistKo.5 uiLlligturn I'i usy^i'u). S tnndlai it? iiiiulo uilii 

tbc Aii.lltsou ui 100 <%< of tiM* vi“i(t>r W te'di^oi J^ew |icni»ui> 
gftii.ilu wn! ill iiK]iuiiHiin lU' msci'iuI 1(01*0111111^' 1ii> Uio 

unount of m tlio Wiiti'i ; uud *ho dill'iivtiru, iiiu]'>i|>]iod 

0.5, will ipoc Uio wii/l.t of <)io o\yg6Q in uiilligramK. Smttll 
quaiititWh of uitiTdies do iioi inlorfiou 

In Ki:n>Kiii>*n tim itMiite of the it it* oii/iUiiuury to 

omuimiH tile iiindh anil kisoM fi'iiiid op moii" nich principle m tiie 
foliowing Mil]i!r.iru'oxi'ic iit nUciiklcd ht> coiuliM'd nith 

tlie potiiMi, ui)d ii'iioili'd 0»>pr<tiibKi(:8nJpliAto(KySi^4}; ilioiedanco 
of tbo bulpiiurii' oxido w tiion ap)ioi tinned to thn fviilo, and 
ropi'/i^Hl aKbuijdiutn of podn (KUgSfVi ^ 

rciHiikHi HS ciilciuitt fin1]iliatii (OilSO.), and ^u>r that an Duig>M*Bio 
BiiJpli.ito (M^irSO.). '.VhpD tt'i^ KuliiLttrio oiddn iua been Mnihfiodf 
tlib cliioriue is nUributed, tnkiug tho bases in tiio tuiuo order, 
then tb(* iiitiic pontoxido, and iiistiy the t'erlioh dioiddc. Bnt 
any oiclbod for tinu {xmilauing the hutrs and adda mnst bo 
trinttiuy and iuoecunte. It is cictromcly usproitob^Hiat any 
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eiinple dtfttcnicnt (nn irpn^itilio tuawff ip wliiib th*. 
an«l nridh am (lirflriMi'tl i^iuU hi loii'l-'-ji; iukI, Mue tiifli-miil 
chwfiihUi uYv mit. ni'nvd w to itit> opf* '^'■‘Wuu i* U'lifr fo 
nntJiC uu {tiiiipty tliv kmiIi'o: ik* TKih 

Otftuitiy^Tif■ >i.cniivrpioi:a>. 'IIk i.'ish . 

aiid, vin«e uf tht'iti urn pti'hfpl 'u cL Us, lU*. uni litkl m 
tlu* tiTinh^is Mil] In* hi en^esv of tla^, ruoiii * 'M'IHj b\ tli** 
voiffiit ill tlu’ oT}'(fi‘U («[u!v:ili'iii to the nn 

sliloiiiie. riiH NIoiriR:,'];* nii ta ^’UJ^ n '.,tii‘ineut:-<>‘ 


i'ljk* i<n 

Tr.*i«l^rl|ui•, diuM hfc . Cp . . , . 2 N. 7 J 

CM ‘>100 . . . p . p . f 

NllM'j.rr iih ohi.u*.r,,. j 

Aloiiik.ibu.i! farsriM.Li . . . . ,0.104 

*'Oififui M‘. f ill 4 . . , 0.01 

Tim M'liilii «m jiiiiih* up ;iy h-i 

P> • in' vst H ft>a ttliff. 

Fniii h. • , ... 

Kofhi . , . . . . . . ? >1 

IU|PKisia , . .j,.|4 

liflie p . . . . . . . I'jkC 

Kerne, oxid", . . 

HUMTil . p . <, ,0 

Bolpl.iirie loMe . . 

, uif 

CurUoi tliuii'.u . . , , , , il-ii 

Chl(>ru>e • • 4 p • p . . 1,70 

Voltiuleftnil oi^^aiiic Uiuiier. , . , or'n 


iiiatf euQgiti i'«]ii!v4tleu. to v1ilojiu< fuimd 
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For the prqxmifiou of ilueUlied vnter, Lhc apjAratus iihnwa in 
[£g. 64 IH ooii\i)iiieiit for Inbemitevy 
It ooipiiHtK of R ooppr retort 
iMited iijfr A rin;* gntehumer, anil con- 
iMeteii viUi a Morm-coDdfoiBor. 

PBACTICAL JCKiatCiSEp 
' A nd&ontl. 00 anaijMs. R&<?e the foUdviofl; 

'‘B 5—■\Vttter.44 per ixiltp; Rilpfauric • 

aSp^s per oral.; feioieu icoo 13.92 
! oontj ferrio iron, 035 |jer cent., 
j 6.1 |ier ocst The iiiu( .1 van 

i ht water asd Kfamnyl ooi dug oW on tCMing. Ugiw would fou 
t the analjidu t Calniliite tfle torinula tor tlm 
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XHTfi KAIXWBNB. 

Tbcore is t groop of clrndy aUitnl (>louiO)i^A to «4tich the umi 
haJc^en (fti]t-|{n>l\4Cfr) huf> Wti fnvv*u. H coiMpvMeK cblotiiift, 

liroaiitf^. ioiliiio, aiid Hu4)riuo. Tin'.*) < foiubme dirortlj 

wit'll furMiii),*aR miaij I'ltiM (diStridiJt) 

bKliilit;, nn<l fliianilok). poim|<(mOiiig to Diu oxMft, bat 

difTi riog ill their fontmlie by bavi\ig two ittotoR of the is 

t'bo ])!»(» of Olio atom of oTTgeu tW (*iainplri, {eriwib (onde if 
FeO and fonxMui cltion>lo in Ki'^ji^diiu, luoiii, fenio oxlilo if 
Ke,0^ wbllrt' foi-ric chiori*!.* i^ Them* ssdUi ilifl'erfnnn ihe 

(AKx>iiateii, itc., in oiilniniuL* no nxygeiu UititHv^deuilyi 

iii>< itiooiaviilo biiCMk of Kiiih (‘OiotKi'iuds a*! chhiihi oi )Kittt(h| 
duoiide uf lime, de.. rinev uL'i liom a*, t It is :iup 

potlamL tiolieir l-hin in loiod in rr|Vti1i:'’' taiiy-:'" ui whvh 
nnualionh ha^o UHni Kiy„ «d iltloihio iit;t:‘Uosiu.uiid }Kiia<d), 
or of fluoiioo^RilKn, and ob'nMU'i It if i.<(i';suy in fil) siiob 
GOMw to (((nlnrt fnhii ih' .A***'!! .in am.vmt of «)uivah'nt to 

the hfitigeu foaiid, o- Mur-K', i li«‘T • <.}•« i«st lion been do* 
tri-nuncd and m'tnth d oom.uuing 'sulsi 

ind Huondt'S, At., do Lot ii iid tb<nn-^ iros to the methtMl c'f deiio^ 
mining the hah^^'ti itiflerern'o. For essinplc. (oj'nc, which^ 
Acconhtig to IhiiiiL hiia thr fcniuula Al^iU^F,, Mould yield is 
tho ordinary (rnirH* uf amd^'sie— 


/.bintJua. ...••» 

Fluorine •••«,• 

. . ,12.0 

. . 20.11 


IOS.6 

The oxygon eqoinJont to 99.6 poo oont finorme mny In 
{onnd hy moltiiilying the pmoi'Utdge of fluorine by 0421; it ji 
8.7 per cent., ooil niuet bo duluoled. The uuUyoie wonM thos n 
ropurlod Ihtmt— 

Alonioa • . • • • ' • 

Siiloa.. 

Kluoriae »••••• 

. ■ smV. 

■ • H 
» . 20.6 

ISHOxyge&eqQlTiJealtofliusiQe 4 

IOS.& 

. . S .7 ■ 


9 S .9 


IWke M an HlmAniioo the following aotual uudyus by F. K 
Claris ar^ J. R. DQleri^ 








SJ-H'I. 

3 I. 9 J 

i6<n 

“I'S 
'•JJ 

107.97 

Deduot oxygen pQuiTalcBl ■ • • ■ 4 7.16 

100.S1 


Aloffilna 
8 Ilic» 4 
nuonne 
Potitah . 
8 C¥ 1 A . 

Water • 


^ In oUrnla^g tlio factor for tito '*QZYgim cqnivvlunt,’'dinMe 
i^ibe «*oi^ht of oih* Htcon of (iti) by the weij^ht of two 

ftiiiAaa tk the lialugon; for tuciiiujtle, wiili eUmine itwonM he 
: enr 0.7253 » broniiue, jVq, or 0.1000; with iodise, 

v*«r ,0.063; luui with llaoiino, or 0.421. 


(mJX)IinfK Ax<D OBLOJMPISS. 


|k Clilorino oonii'^ in tudum cliiofly comhiw^l with flodiun, aa 
^haliio or took foit ^Itli potushiiuii it frnm s^lvine 

uK.C]).uud,(io,:i*lliorw(i li iit>v'unsimn,curiudliUv(K(!t,51^01,011,0). 

the meuUlifeioiis luiseiidti eiaiUiimiig obtuii'iie, 
or 111 iru hUPI* and ntaopmiu*, nu oxyelik'iidu of cupj>er 

:y(OciCl, 3 t.iifliO)|.)si\) UiO tnoHi iniporlaiib. Apatite (i>hoB|iluUe 
limu) uii<) pyiomiirpliilo (piiCHpliaiu of UimI) rDutuiTi a eontiider' 
^nlde amount it. Ohloi'ine u a giiK of a gna'viNh flulour, poasoW' 
ring ft cLameUriatic odour, and nuMlemiuly holulde m ^'-ater. It 
not occur juitire, ia goiumiily propftied the action of 
^ OTidbtiiig Agent on It^lruchlorlo H^d. It comUnes directly 
With xneUla ^ Uia ordinniy toiuporal^rB (ereii with ploUnom 
OV&d gold), fttnuitig oldoridca, wMcli (exut'pt in the cam of silver) 
aoluUle. 

L* li u ifflportitui in metalloigy, because of the extensive use of it 
^ extnuitiiig gold by **ohlaridisiiig” proooHace. It u also nsed 
BToilning gold. 

Deteotaon.—CompmuKii amtaicing the oxiii«i gf olUnrine iin 
t fonnd is nutsre, beoiun of the nauliuees vitb whidi thc^ lora 
jfgra. B, reilocJon the; yield a ohlorido; the form is n'hioh 
ise ia mot with is siiiieialB. Is toithig, tiie eouponsd asp 
1 to oontais a ohloride ia boiled with rntm, or, is eomo oeaea, 
(fate n'trio acid. Xu Iho dear Kilutius uontsisisg silrir add a 
r drupa of nitrate of eiloerp datum ore added. l^osa)m1^.g, 
^white OTudy psdpdtote, aoli.ule is asunusia, Heporatm ont, it u 
'^Xoieotir Mtmfac^ endaoce of the preeenoe of ohlon^ 
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Sutufioa dnd Soparoticn.-Yin ni>A 

hiilviilr ;n v..*i*T. (iml j.h* j, t M.lo *.'•» >.i‘i l-v 4 '’e*iJi lin? 

n.u'iii •IiiiiK M'liw* Or, if »j:U -i.it ir ‘ 

will* mib'tusih' r\[ 't.nK, t s'licu!.it wAu iiin! lE-o liHmts' 

m'miii'Hl vitli iu<vi< .xml. Im tl».« «lr*4*}i. r 

ftiry tf* «•>!> *u» x-t iU > 1.1'n-ii* !3 x ' i-i i'!»v”xiil- 4 or 

lM.nu 'I"'‘ M,.. Ml I l:ll .'• •• t .'4 |'r..*ut,\t u 

)x'^l lx>ts»*pn,.t'- fvv 111*XI h. 'IV• 111 .rids 

is ill‘lie.«iti'ii.n tiHi r ]i .11 .^.i> (Iim «'!> xti fhs,* 

jpvh. AViu-iv ti ijf .'ll! 'j'x).. ; I i I r.>i, It •i.,i>.Jv <.x-. 

jNii'iiMiii i'l Jf »l lb-‘ '^>.««.'mx i>j ."li.t'i'l \nili llw 

Ouv Vinl.'* I 1 ' x-l X, «•; I’rum' 

1 1 m ^ 'x' ‘‘1)11.111. Oi\ t'r I*, ill III isilc oj 

rilM-rtxi tin niuir* .mm* ii.iii(i*ni,'I i .fv'‘ il • ..out 

TliiMs Him li(i*u Mtlix'i',»ii“ s « .11 •>.; ...‘i- ' <h.'ilc i’.hd 


cnAVjuK'PDir ;nv;*j-.iLiiff?r aticw. 

FnH'jyiniiiiV>'’iiniiH‘ i* ‘i.-1* 5 '“ Jl* ■» v.*i xlilntonilric 
turn], fiHor 111 i-e" -m'. ,m>- - • : **i‘.i« oI r-hi'*, liuit 
mmilj 111 «».■», v.Ii-.. mx'> . imp- iMi ‘..n** . *il *.!. fi]'* >,n.ti<l 

■vi.ish i illi Im.I X .jUi*, )» y uiiil 'x„i -M V t.i fi ix»'l,.l'. id 

D<*iluimi('n*]i‘. I'iif-'-isijs) ‘*11 ri.ixly.Hiiy' 

ifdtKxsl mIvii' jMii 0! iMiino ih III.;. vi:>i dimjv 

of {luil i>( liyili.Mj.|iinc ‘xi>, Add ili*' Mt.iin {i*>rtii>>) w 
Uiis, III d 1 xtiiili itirtly iill t!iM I .'f's I'f i>li' lu • •• •iliow *«» :(i< ri 
fiutint' {iilji.uft 76 o‘) l'i>i! i‘i il.x.- di wiv'ir :.xl ttx»j^li. 'Hie 
KiilMiiiiCix i‘' flihiiMt' x«f mIviu* ( iiiid coi.(.>n s pw 

ei'lil. of x'llVilU;. 

'fho |avui}ii):tt 4 !il is lilii imii iitid ua .‘Aui lut jha. 

rili^i' tifWi' bidlUo^, r.ii.xi) MIX tmi> ti> lipii h VimriiijH ptirpls^' 
aiid \iiw* It smnll suiioiuit of fKlorino. 

VOIiUllEETEIG WUSTHO'D, ) 

Thsre Rowrul xolui.iHiix' iiiclliiiil«; Imi thixi on th« 
of rhbrridi iii m’Miiul hdIuHo:!, )»t lu.uuHof • 
diitKiiird solution 0! ffllnT idhntv (ii.lnp {vtuhsii.ni dii-uiiiato aa 
imliimoi’), iV iih'iVmfl. t* 11 ivlmiiloiutjd paJt|. 

and, itlion Hllvin* iiilRtti) h }iii.i>''i (*. u siilotiuTi (‘(•iiloiiiiMjj 'ootbi 
ohltirido lUid C'iiimiMnio, tlif* ‘lixi 6 li>)i.\ ‘ot. o! vlic r‘Hl^jonr luarki 
oiT sliprp]^ tile pouil al nliiol; llio otiKnixlf ui tisi^ufx Biivak: 
ebroniaio is dooompotiod unx) tf'twtjooutly dtHmlnri^d 'by ncduidu 
of ou^' ehiinidu, 'IV sobilioti tor ibi,s lunthod n^t bu neutniL 
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BlioMISK AVI) BlBlViOfiS. 

Droniint* L'Ji»*<*ly hth'iiiIiIi.. clilfiiiui* ia flu* Dutiii’i^uf c*in- 
{Knni'U. It «1 i)>i1 iKvin' fit*" lu tiiitiM*, Ina U ♦Hv.-i'iujiMv 

fotiiHl in % (I) sl‘u*i' fl^ In..i»i.ii:-y}ik‘ ui*!, 

t43^*il('i niii)* !■'. lit oMiKilti . It .1-! 

bitiiiiM"'in it*)*'iM- iMti ral 0 ;:^ s Sr.iriy nM tli* lunmha' ,»f 
UUUUIHUf jV biijtf.l v*''b('i lK|.i"i'*- <*f *:itt nuik> • L\ 



tlie liquors from which the common salt has been 
Bromine combines directly with the metals, forming a 
salts—the bromides; In ordinary work they are separated 
and (except when specially tested for) counted as, ohktilH 
They are detected by adding chlorine water to the suflA^ 
solution and shaking, up with carbon bisulphide. Bminm 
colours the latter brown. 


lODINB AND IODIDES. 

Iodine does not occur in nature in the free state; and io.di^ei 
are rare, iodargyrite or iodide of silver "(Agl) being the oi^ 
one which ranks as a mineral spedra. lodates are found assodat^ 
with Chili saltpetre, which is an important source of the elem^ 

Iodine and Iodides are largely usra in the laboratory, and hi^ 
already been frequently referred to. It is used as an oididis^ 
agent in a similar manner as permanganate and bichromateC||| 
potash, especially in the determination! of copper, arsenkii||H 
. mony, and mangane^., 

•Iodine is not readfly soluble in water; but dissolves ea^^ 
a concentrated solution of potassium iodide. Its soludoitg 
strongly coloured; a drop of a dilute solution colours a Ism 
volume of water deddedly yellow ; on the addition of starch pa^ 
this becomes blue. The delii^y of this reaction is taken adigp 
tage of in titrations to deteigbine when free iodine is preetii^ 
The blue colour may be alternately developed and remqr^ fe 
the addition of iodine (or an oxidising agent) and hyposulphite;# 
soda (or some other reducing agent). In decolorising,the sbliMte 
changes from blue or black to colourless or pale yeEow aceor^^ 
to qjrcumstances. Sometimes the solution, instead of remsiii^ 
colourless, gradually develops a blue which recurs in spite o£-'“' 
further addition of the :^ucing agent. In these cate* 
conditions of the assay have been departed from, or (and 
more often the case) there is some substance present cp; 
liberating iodine. 

Iodine forms a series of salts—the iodides—resembling te 
respects the chlorides. These can be obtained by dii^ 
biuation of the metals with iodine. 

Deteotion.—Free iodine is best recognised by the vklte 
evolved from the sointioa on heati^, and ^ the 
eolour which it strikes op the ad^iian of stai^ peste; 
ire detected fay boiling with strpng solutiteis of.^ei^c te 
chloride. Iodine is liberated, (BstQled otte^^ 

Ob&Hne also Uberatee iodine from tedides; esA i^iti' " 
Iceqnsatly madie use of in assaying. A prootn uteW 


' . ^ ' ' ‘. • ■. ? 

;jMK)ilbed under Manganese. AH substances wMds liberate cblorine 
boiling with hydrochloric acid (dioxides, bichromates, per 
^Uanganates, &c.) are determined in a similar way. 

,, :..8dution and Sepvation.—Most iodides are soluble in water 
ir ulute aSids. The sep.-uation is effected by distilling the sul)- 
‘BtMice with solution of feme sulphate, and coUooting the vapour 
a dilute solution of sulphurous acid or arsenito of soda. On toe 
^Completion of the distillation, the iodine will be in the distillate aa 
iodide; and the gravimetric determination is made on this. 

aBAYIMETBIC DETKBMIXrATION. 

To the solution containing the iodine, as iodide, and which ii . 
free from chloride (and bromides), add a little dilute nitric acid 
and nitrate of silver tiU no further preciphiute is produced filter ' 
'off, wash with hot water, and dry. Clean the filter-paper as much 
ii^ possible, and bum it. Collect the ash in a weighed porcelain 
erudble, add the main portion, and beat to incipient fusion; cool, 
and weigh. The substance is silver iodide, and contains 54.03 per 
cAt. of iodine. 


VOLUMETBIO METHOD. 

t • This is for the titration of free iodine, and is practically that 
whioji is described under Manganese. The substance to be deter- 
hain^ is distilled with ferric sulphate, and the iodine is collected 
^ a solution of potassium iodide, in which it readily dissolves. If 
|ftc^ crystals separate out in the receiver, more potassiu .i iodide 
are add^. When the distillation is finished, the receiver 
,i|’ Reconnected, and its contents washed out into a beakdl and 
ititTOted with “ hypo.” The standard solution of “ hypo ” is made 
(^'dissolving 19.58 grams of hyposulphite of soda (Na^,0,.5H,0) 
'^;3Mter and diluting to i litre; 100 0,0. are equal to j gram or 
4 i&e. To standardise the solution, weigh up 0.35 gram of pure 
) in a small beaker. Add a or 3 crystals of pota^um io^e; 
S; with water; and, when dissolved, dilute to 50 or 100 oa 
' e, and oaloulate the standard. 

JLIJORINB AND FLUORIDES. 

le is frequently met with as c^dum flumide or fluor-spai 
It occurs less abunRmtly im crrolite (NS,AlF,),'a fluodde 
oimh and sodium, which is used in glass-making. C&tain 
fluorides am oocqpioiudly met with Fluorine is slss 
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found in apatite, and in some silicates, such as topaz, tourmaline, 
micas, ihc. " 

Hydrofluoric acid is used for etching gloss and opening up 
silieates. It attacks silica, forming fluoride of silicon (SiFj, 
which is Tolatile. Silica is by this means eliminated’ from dther 
oxides, which, in the presence of sulphuric acid, are flxed. The 
commercial acid is seldom pure, and generally weak; and the acid 
itself is dangerously obnoxious. The use of ammonium fluoride 
(or sodium fluoride) and a mineral acid is more convenient. Deter¬ 
minations of this kind are made in platinum dishes enclosed in 
lead or copper vessels in a woll-ventUated place. Fluor-spar is 
useful as a flux in dry assaying; it renders slags, which would 
otherwise be pasty, quite flmd. Fluorides generally are fusible, 
and impart fusibility to substances with which they form weak 
compounds. Their fluxing action does not depend on the removal 
of silicon as fluoride. 


Deteotton.—Fluorides in small quantity are easily overlooked 
unless specially sought for. In larger amounts they are reco|^. 
nised by the propertj^ydrofluoric acid has of etching glass.^|) 
watch-glass is warme' and a layer of wax is melted ove|MW 
convex side. ' When cold, some lines are engraved on thj|Pn^! 
surface with any sharp-pointed instrument. The substimro he' 
tested is powdered; and moistened, in a platinum d^, Vith sul¬ 
phuric acid. The watch-glass is filled with cold^jpliiiter and sup¬ 
ported over the dish". The dish is then oarefullyVarmed, but not 
Buiflciently to melt the wax. After a minute or two, the glass is 
taken off, and the wax removed. If the substance containedf 
fluorine, the characters will be found permanently etched on the 


glass. An equally good, but more rapid, test is to mix the 
powdered substance with some silica, and to heat the mixture in 
a test tube with sulphuric add. Silicon fluoride is evolved, and, 
if a moistened glass rod is held in the tube, it becomes coated with 
a white deposit of silica, formed by the decomposition of the 
silicon fluoride by the water. -This is also used as a test for 
silica; but in this case the substance is mixed with a fluorid^; 
and the experiment must obviously be carried out in a phftin^ ’ 


Separation and Determination.—-The determinatio% 
fluorige is difficult. In the case of fluorides free from i^ic^ 
(such as fluor-spar), it is determined indirectly by decom^osini 
weighdV portion with su^hurio add, evaporating, igniting, 
weighing the roddual sulphate. The increase in we^t multi^ 
by 0,655 weight of fluorine. - . ^ 

In the presence of silica this method does notapsww, 
tS the volatilisation ti. dlicon fluoride. In these cassh 'fli 
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idopted tha following plan, which resembles that for the indirect 
dstennination of carbon dioxide. Mix the weighed substance in 
a small flask with powdered silica and sulphuric acid. The mouth 
of the flask *18 closed with a cork carrying a tube which is filled, 
the tot half with calcium chloride and the tecond half '.vith 
pumce coated with dried copper sulphate. The apparatus is 
weighed quickly, and then wanned till decomposition is complete, 
A current of dry air is aspirated for a minute or two j and the 
apparatus a^in w^hed. The loss in weight gives that of the 
silicon fluoride (SiFJ, which, multiplied by 0.7307, gives the 
weight of fluorine. 

^ Resenius uses the same reaction; but collects and weighs the 
ti&on fluoride. The finely powdered and dried substance is mixed 
with ten or fifteen times its weight of ignited and powdered silica. 
The ntoure is introduced into a small dry flask connected on one 
side with a series of prying-tubes, and on the other with an empty 
tube (to condense any sulphuric ucid). To this last is joined a 
^Ring 4 ube containing chloride of calcium and anhydrous copper 
sulphate. This is directly connected with a series of three weighed 
tubes in which the fluoride of silicon is collected. The last of 
these is joined to another drying-tube. The first weighed tube 
contains pumice and cotton wool, moistened with watery the 
second tube contains soda-lime as well as (in the upper half of the 
serond limb) fused calcium chloride between plugs of wool; the 
third tube is fiUed half with soda-lime and half with fused calcium 
ohloride. The distilling-flask containing the substance mixed with 
silica is charged with 40 or 50 c.o. of sulphuric acid, and placed 
,on the hot plate. Alongside it is placed a similar dry flask con¬ 
taining a thermometer, and the temperature in this is kejjJi at 
I flo* or 160° C. A current of air is' sent through the tubes during 
the operation, which takes from one to three hours for from 
0.1 to I gram of the substance. A correction is made by deducting 
o.tcoi gram for every hour the dried air has been passed through. 
The increase in weight of the three tubes gives the weight of the 
dliccai fluoride. 

t ^rafield uses a similar arrangement, but passes his silicon 
^loride into an alcoholic solution of potassium chloride. Silica 
and potassium silico-fluoride are precipitated, and hyd^hlorio 
SQidis set free.* The acid thus liberated is titrated, with a stan¬ 
ds^ solution of alkali, in the alcoholic solution, and from the 
i^ount of free acid found the fluorine is calculated. The weight 
gif hydrochloric acid (HOI) found, multiplied by 1.56s, gives the 
Rd^lht of the fluorine. With this method of working, fewer U-tubes 
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iTO required, fbe exit tube from the iiask is bent so as to 
Form a small V, which is kept cool in water; this is directly Oon- 
aected with the U-tube containing the alcoholic solution of potas- 
rium chloride. The flask .with the assay is heated for about<t^O 
hours, and a current of dty air is aspirated throughout the deter¬ 
mination. Fluoride of silicon is a gas not easily condensed to t 
liquid: but is immediately decompo^ by water or must air. 
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CHAPTEB XVI. 

StTLPHTTB AND 8trLFHATX!& 

fmesxm occurs oative in volcanic districts, and is mined in Sicily, 
taly, and Oalifomia in considerable quantities.. Combined with 
metals (sulphides), it is common in all mineral districts. Iron 
pyrites (FeS,) is the most abundant source of this element. 
Sulphates, such as gypsum, are fairly common, but have no value 
so far as the sulphur in them is concerned. In coal it exists ss 
an impurity, occurring partly as a constituent of organic com¬ 
pounds. 

Sulphur, whether free or combined with metals, forms, on burn¬ 
ing, sulphurous oxide (SO,), which by the action of oxidising agents 
and water is converted into sulphuric acid. It forms two oxides, 
sulphurous (BO,) and sulphuric (SO,), which combine with bases 
' to form Bulpmtw and sulphates. Sulphites are of little importance 
to 4be assayer, and are converted into sulphates by the ^ion of. 
nltrie arid and other oxidising agents. 

The native sulphides, when acted on with hydrochloric acid, give 
off sulphuretted hydrogen; with .nitric arid or aqua regia, sulphates 
are formed, and more or less sulphur separated. 

Sulphur is detected in sulphides the irritating odour of 
. sulphurous oxide given off on roasting, by the evolution of sulphu- 
' retted hydrogen when treated with hydrochloric arid, or ly a 
white precipitate of barium sulphate formed when barium chloride 
is added to the acm regia solution. 

Dry Assay.—^ere is no method of general application. Free 
native sulphur may be volatilised, condensed,and weighed, but 
^'pyrites only gives up a pcution of its sulphur when heated in a 
fmeed vessel, while most sulphides, and all sulphates, give up 
|ihoneataE 

;-, ' l In, the determination of sulphur in brimstone, 10 grams of tht 
’. substance are token, placed in a small porcelain dish, heated over 
Bunsen burner in a well^ventilated place, and ignited. 'Vpien 
jjtiie'sulphar has been completely burnt off, the residue *(whirii 
) iS^ristB chiefly of sand) is collected and writhed. In a separate 
v^iortipn the moisture and nnenio are determined; the amounts of 
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these are deducted from the loss in the first experiment. The 
difference, multiplied by 10, gives the percentage of sulphur. 

WET METHODS. 

Solution.—All sulphates, excepting those of lead, barium, 
strontium, and lime, are soluble in water or ililuto acid. All 
sulphides, racept cinnabar, are converted into sulphates by the 
action of nitric acid at a gentle heat; or, better, by the action of _ 
a mixture of three volumes of nitric acid and one volume of 
hydrochloric acid. This last attacks cinnabar as well. With most 
substances it is diftleult to convert the whole of the sulphur into 
sulphuric acid. The sulphur sejiarates <ait at first as a dark 
spongy mass, which (on coiitiuued tivatmcnt) changes to light- 
coloured flakes. AVhen the solution Ix-comos concentrated and 
the temperature rises sufficiently, the sulphur fuses into one or 
more honey-coloured globules which, owing to the small snrfiu.-e 
they oppose to the acid, are very slowly oxidised. It is not 
desirable to assist the foilhation of these globules; therefore, the 
temperature is kofit as lo"- as possible, and strong nitric acid is 
used. When such globules form, it is best to allow the solution to 
cnol, when the globules will solidify. They can then be filtered 
off .and picked out from the insoluble residue, dried, weighed, 
ignited, and agaifi weighed, the loas being counted as sulphur. 
With iron pyrites this difficulty seldom occurs. , 

Metallic sulphides when fused with an excess of nitre are com¬ 
pletely oxidised. If the ore is rich in sulphur, some inert body 
(such as sodium chloride, or, hotter, sodium cai’bonato) is added to 
dilute the action. With pure sulphur, the action is so energetic 
as to cduse an explosion, so that care should be taken. With 
burnt ores (incompletely calcined pyriri's), there is sufficient oxide 
of iron present to prevent too rapid action. 

These fusions with nitie are best conducted in a phitinum dish 
covered with a piece of platinum foil. The ore is ground with the 
nitre to ensure complete mixing. ITie heat need not be excessive, 
so that a single liunsen burner placed beneath the dish will 
suffice; if the bottom of the dish is seen to lie red-hot, it is suffi¬ 
cient. On cooling and extracting with water, the sulphur will 
pass into solution as potassium sulphate, wbich is then ffitered off 
from the insoluble oxides of iron, copper, Sao. The filtrate, after 
having been treated with a* large eiosss of hydrochloric acid, 
evaporated to dryness, and re-di^!ved in water, is ready for the 
determination. 

Lead^sulphate may be dissolved by boiling with ammoniuitt' 
acetate. The insoluble sulphates of barium, strontiuni, and lim^ 
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we decomposed by fusing vfitb 4 or 5 times their weight of “ fusion 
mixture.” The alkaline sulphates ai-e then dissolved out with 
water, and filtered i.:: from the insoluble residue. The filtrate is 
r<ij>dered jcid with liydi’ochloric acid. 

fSoparation.—The dctemiinatiou of the f -i ihuric acid in these 
Solutions by preeipitsition with barium chloride also serves as 0 
separation; but in hot acid solutions conbiining copper, and more 
especially iron-salts, the baric sulphate luis a strong tendency to 
carry doivn amounts of those bodies, vaiying, no doubt, with the 
coudilioiiB of the precipitation. Boiling hydrochloric acid fails to 
completely extinct them. Moi'cover, the use of hot concentrated 
hydrochloric acid causes a loss by dissolving barium sulphate. 
Nitric acid .and nitrates must lie decomposed by prolonged boiling 
and evaporation with hydrochloric acid. Tb"" iron may be removed 
by adding a alight exciaa of ammonia to the faintly acid solution, 
filtering off, and washing tho precinitated ferric hydrate with hot 
water. By slightly acidulating the flltiate with hydmhloric 
acid, it will be rendered ready for the determination. 


GBAVIMETEIC METHOD. 


Tlds assay is one of those which strikingly shows the necessity 
of getting the a.«siy .solid,ion under proper conditions, in order to 
ohtain sati,sl'actory re.sulta. The metliod has been repeatedly in¬ 
vestigated, and the cotieluslon anived at, “that it can he corrwf 
only by accident.” yet there are many clicmists who get good 
results, and place eonsideralde faith in its accuracy. "Tiis can 
only be due to diireii'nces in the manner of working. It is gene¬ 
rally understood that nitric mid or nitrates must be absent^ and 
our experience folly confirms (his. Precipitations in nitrate solu¬ 
tions are woi+hless, as tho following experiments show. In each 
experiment the bulk of tlie solution was 150 c.c. The solutions 
coEtained 10 grams of nitre, were fieely acid with hydrochloric 
acid, and were precipitated (while boiling) with slight excess of 
baiic chloride. 


Sulphuric add taken 
„ fomicl 

„ taken 

„ found 


. 0.020 gram 0.050 gram 0.100 gram 

. 0.0ly „ ao47 „ 0.098 „ 

. 0500 „ 1.004 .. 1,000 „ 

. 0.526 i 126 „ 1.126 „ 


All the preciiiilatcs woi'e hoiloj wifli hydrochloric acid, and 
thorougldy washed Ixiforc wcighii’g. The results of some other 
experiments on fliis subject arc given under “ sulphur ” ifi the 
" examination of commercial copjier," page 207. 

The solution having been olfUiued free from nitrates and chlo- 
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rales (and containing but Utile free hydrochloric acid), is largely 
diluted, heated to boiling, and precipitated wth a moderate exresa 
of a solution of chloride of barium (8 parts of the crystallized 
barium chloride are aiitlioient for i of sulphur). It is .allowed,to 
settle for half-an-hour, and then decanted tlmough a filter. The 
precipitate is shaken up with boiUng water, rendered slightly acid, 
filtered, washed, dried, ignited, and weighed. The ignited pre¬ 
cipitate, when pure, is white, and is not decomposed at a red heat; 
it is bojium sulphate (BaSOJ, and contains 13.73 per cent, of sul¬ 
phur, or 34.33 per cent, of sulphuric oxide (SO,). 

Determination of Sulphur in Pyrites.—Weigh up half a 
gram of the dried and powdered sample, and treat with 10 c.c. of 
a mixture of 3 volumes of nitric acid and i volume of hydrocldorio 
acid, occasionally heating. Evaporate to dryneas, treat with 5 c.c. 
o( hydrochloric acid, and agmn evaporate; take up with i c.c. of 
hydiwhloric acid and 100 c.c. of hot water, filter through a small 
filter, and wash. The residue may eontain sulphate.s of lead, 
barium, or Ume; it miyit be separately examined, if the totrf 
phur is wanted. The filtrate is heated, and rendered sUgn^* 
alkaline with ammonia. Filter off the precipitated ftaxic hydrate 
through a (juick filter, and w-uh with hot water. If necessary, 
evaporate the bulk to about aoo c.c., render faintly acid with 
hydrochloric acid, and add 20 o.c. of solution of hariiun chloride; 
allow to stand for half-an-houi', and decant through a filter. 
Wash with hot water, dry, ignite; and weigh. Pure pyrites coa* 
tains 53.33 per cent, of sulphur. 

VOLUMETEIO METHOD. 

•i 

This is based upon the easy conversion of all sulphur compounds 
into sulphates by fusion with nitre or by oxidation with nitric 
acid; and on the determination of the sulphate formed by titra¬ 
tion in an acetic acid solution with baric chloride.* The &)ishing 
point is determined by filtering off portions of the assay solution, 
and testing with sulphuric acid. A slight excess of baric chloride 
will cause a precipitate. - 

The process may be divided into—(i) the preparation of the 
solution, and (2) the titration. 

Preparation of the Solution.—Weigh up from i to $ gram^" 
ot the dried and powdeiKid substance, and mix intimately witfet 
4 grams of powdered nitre; olean nut the mortar with and)di9,j 
gran) of nitre, and add this as a cover. Heat in a ^tinntt/ 
crucible for fifteen minutes at a low temperature; com, and-A,; 

• BaOl, + N«,SO, « 'BsSO, + zNaOl, 
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tract witti water in an evapurating-eliish about 9 inches across, and 
holding 700 or 800 c.c. Add 10 grains of sodium acetate and 
ID o.c. of acetic acid, and dilute to half a litre. Boil The solu- 
^on is ready for titrating. Suhstance.s wliich lose sulphur on 
heating (such as pj-rites) are thus ti-eated ■. -Weigh up i gran., 
and evaporate nearly to dryness with 10 c.c. each of nitric and 
hydiochloric acids. Take up with to c.c. of hydrochloric acid and 
again boil down to a small bulk ; dilute and traa-fcr to a 9-inch 
evaporatiiig-disb; add 10 ginins of sodium acetate and 5 c.c, of 
acetic acid, dilute to half a litre, and boil. The solution is ready 
for titrating. Suljdiates may bo dissolved up in the dish itself 
with the help of a c.c. or so of hydrochloric acid ; sodium acetate 
and acetic acid are ibc*n added ; and, after dilution and boiling, 
the solutions are at once titnifed. ® 

llie .solution before titration must contain no free mineral acid, 
hut 5 or 10 c.c. of ac(‘tic acid should ho present. Tt must contain 
10 glams of TOdiiim acetate, or snfticient to convert any fi-ee 
mineral acid into its corresponding sodic salt; or, if chlorides, 
nitrates or sulphates of the metals are present, sufficient to de¬ 
compose them. ]f a precipitation occurs, as is the case with 
ferric salts, etc., the solution is titrated with the precipitate in it. 

The Titration.— Th^ ttandard nHution of harium Moride 
“ V diS'-vl'inS 7(>-25 grams of the crystallized salt 

(.DuClj.2UjO) in distilled water, and dihiting to i litre. loo c.c. 
wm e(j[iml i giuin of sulphur. As indicator, use dilute sulphuric 
flcia. The strength of the solution may be checked by the titra- 
tion of 5 grams of ferrous .sulphate (oiddized with pennanganale 
of pota.s.siuni or a few drops of nitric acid), which shomd r^uirc 
57.5 c.c. of the barium chloride solution; or any pure sulphate 
of known composition can be used; anhydrous salts should be 
prefeiTed. 

FUl an ordinary 100 c.c. burette with the solution of barium 
chloride. The evaporating dish containing the assay solution is 
placed on a round burner (as shown in fig. 63), and the solution 


.— 600 



3^0. 65. 

b kept steadily boiling. An ordinary Bunsen-burner fiame will 
cause humping, and should'not be used. Eun in the standard 
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solution in quantity known to be insufficient; then withdraw a 
portion ol about 2 e.c., with a pipette, and filter through n fine 
filter-paper into a test tulw. linn in another 0.5 c.c. of the 
standard solution, and withdraw and filter into a tqst tubq 
another portion of 2 c.c.; and cent inue this operation until h.alf-ar 
dozen or moro porUou.s have been drawn off. The test tubes 
should 1)0 arrangeil in older in a stand resting on a piece of paper, 
so that each 1e.st tnl)o representing 0.5 c.c. of the standard baric 
chloride may have its value recorded beneath it (fig. 66). Add to 


■ 1 r PI'I 

' jIiIl iilH 

mil! nil 

liii 


Fio. 66. 


each teat tul)0 3 drops of iffilute sulphuric acid ; that which shows 
the first appeai'ance of a precipitate marks the point at which the 
titration is complete. Suppose, for c-xcmple, that the test tube 
marked 48.5 c.c. shows no predpiUto, while that at 49.0 c.c. 
shows one, it is evident that the finishing point lies between these 
readings. With a little practice, one can judge from the appear¬ 
ance of the pi'ccipitate in the 49 c.c. tul)e, whether -J c.c. should 
be deducted or not. 

It is Ijetter to add dilute sulphuric acid, and to watch for the 
appearand of a piedpitete in the test tube, lhan to add baric 
cliloride and to look for its non-appeariuice; besides, baric chlo¬ 
ride is much less likely to be present in a test tube as impmity 
than suljjhates are. In this way the cliance of error from what 
are termed “accidental cmisea” is diminished. 

The following experiments show the effect of v.ariatian in the 
conditions of titration;— 

Make « standard sulviion oj mlphurio add by diluting 43.65 
grama of sulphuiic acid (sp. g. 1.6165) > litre: 100c.c. will 

contain i gram of sulphur. An equivalent solution may be 
made by dissolving 100.62 grams of sodium sulphate crystals 
(Na,SO,. roll ,0), or 86.88 grams of ferrous sulphate {PeSO,. 7H,0), 
in water (oxidising the latter), and diluting to i litmi. 

The onler in which thes6 experiicente are given is that ip 
which they were made in an in’’esu'g!ilion into the conditidl^' 
under which the titration could most ace.irately lie effected., 

Effjet of Hydroohlorio and Nitric Acids.—The titration* 
were performed in the manner aireiidy described, but sodic ace- 
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tate and axsetic acid wera aWiit,. Twenty c.c. of the standard 
solution of sulphuric acid were used. 

Hydrochloric acid present o.oc.c. i.oc.c. 2.0 c.o. 5.00,0. 

“ Baris chloride’’required 20.0 „ 20.0 „ 19.7 „ 12.5 „ 

Nitric acid prc.sent . . ao c.c. 1,0 c.l. 2 0 c.c. 5.0 c.c. 

“Baric chloride” required 20.0 „ 19.5 „ iS.o . J0.0 „ 

Tliese show clearly the interference of free iiiineral acids, 
although very dilute hydrochloric acid (i c.c. in 500 of water) 
has 110 eflect. 

Effect of Acetic and Citric Acids.—A similar series of 
exiierimeuta rdth these acids gave the following result.s;— 

Acetic acid present . . 0.0 c.c. 5.0 c.c. 50.0 c.c. 100.0 c.o. 

“Baric chloride” required 20.0 „ 20,0 20.0 ., 20,0 „ 

Citric acid present ... 0 gram I gram 5 (rrania 

“Baric chloride” required . 2c.a c.o, 20.0 c.c. 20.0o.c. 

These acids do not interfere. 

Effect of Sodic Acetate and Acetic Acid.—In each of 
these experiments 5 c.c. of acetic acid was present. 

Sodium aeelate added . o gr<am i griim 10 grams 50 grams 

“Baiic chloride ” required 200 c.c. 20.0C.C. 20.0 c.c. 20.0 o.c. 

As Borlic acetate and acetic acid did not interfere, it hec.ame 
de.sjrahle to make some experiments on the finishing point. The 
first object sought for was thq smallest .amount of the standard 
baric chloride in 500 <!.c. of water, required to give an indication 
when tested in the manner already described. 

Cfluthlioufl tjl Amo&t Solution ***r*^Hi*w^^* 

Water only.0.05 c.c. 

With 10 grams of sodiam acetate and 5 c.o. of 

acetic acid.0.05 „ 

The same with 5 grams of nitre . . . . o. 10 „ 

Like the last, but with 5 grams of salt instead of 
nitre .aio „ 

These show that as small an amount of baric chloride solution 
as is equal to only 0.000002 gr-om of sulphur in the 2 c.c. of solu¬ 
tion tested yields a decided precipitate on the addition of 3 drops 
of sulphuric acid. 

To determine whothfr the samo«finis/iing point is obtained 
on testing the filtered portions in the test tubes with baric 
chloride as is obtained on ti siing with snlpburic acid, a titra¬ 
tion was made w itli 20 c.c. of standard solution of sulphuric acid, 
together with the usual quantities of sodic acetate and acetio 
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acid; and two lots of 2 c.c. each were filtered into two sets of 
test tubes after each addition of the standard boric chloride. To 
one series 3. drops of baric chloride solution were iwlded, and to 
the other 3 drops of sulphuric acid. The results were— , 


** Baric Chloride " added. 

19 5 C.C. 

*975 » 

20.0 „ 

20.25 „ 

20.5 „ 


Wilh Dilute 
6u)|>>iurie .Acid. 
Clear ■ 
Clear 
Finished 
Cloudy 
Cloudy 


With Baric 
Chloride Solution. 
C'ondy 
Cloudy 
Finished 
Clear 
Clear 


The two methods of te.sting give the same result. But this 
balance is disturbed in the presence of much nitre, the indicar 
tions with baric chloride being disturbed by an opalescence for 
some c.c. beyond the finhshing point. In solutions containing- 
free hydrochloric or nitric acid, a precipitate is obtained with* 
either harie chloride or sulphuric acid. . ; 

Effect of Varying Sulphur.—In these and the aubsetjuent 
experiments the titra^ons were performed in the presence of 
10 grams of sodic aoet d o and 10 c.c. of acotic acid in the manner 
alr^y desciibed. 

Standard sulphuric 

acid used . . 5.OC.0. 10.0 0.0. aaoo.c. 50.0 c.o. 100,0'c.c. 

“ Baric chloride ” 

required . . 5.0 „ lo.o „ 20.0 „ 50.0 „ 100.0 „ 

Effect of Varying Tompeiature.—With 5 c.c. of Bt.andard 
sulphuric acid titrated at 15“ C., 5 c.c. of baric cliloride were 
required; but with larger quantities the results were altogether 
unsatisfactory when titrated cold. 

Effect of Varying Bulk,— 

Bnlk . . 100.0 c.c. 200.0 o.a 500.00.0. 1000.0 ao. 

“Baric chlondc" 

required . . 2ao „ 20.0 „ 2aa „ 20.5 . 

Considerable variation in bulk has no effect, but 500 0.0. is the- 
most convenient volume to work with. It is well to occasionally 
replace the -water boiled off during titration. 

Effect of Foreign Balts.—In all these experiments 20. 
of “ sulphuric acid ” were used, and the titration was perfoi med M 
the ordinary way. 

Sodie chloride added. . 0 gram 5 grams 10 grahu 

",Baric chloride ” required 20.o 0.0. 20.o 0.0. 19.7 0.0. 

^mmenu! chloride added . o gram 5 grams 10 grami 

“ Baric cUoride” required 20.oo.ix> ao.oc.o. 19.30.0. 





anipinjK and R\;U'\\Kii'*E2i. 


Onktc dilorid* aSdeft 
• Baric chloride ” required 

• 

Zinc chloride added . 

“ Baric chloride ” required 

/Vrroitt chloride added 
" Baric chloride ” required 

Ferric efdoride added 
'* Baric chloride ” required 

Ct>p/>€r cldondf added , 
“Baric chloride ” required 

Jhfassie nitrate added 
“ Baric chloride ” required 

Poi«9s/c n/frjVfi added 
“ Baric (dilon’de ” required 

Sodic phosphate added 
“ Baric chloride ” required 

Sodic arsenate added 
“Baric chloride ' required 


t 2 

20.0 C.C. 19.2 C.C. 

I gram 3 grrams 
20.0 G.C. 20.0 C.C, 


o^m 

20.0 C.C. 

0 gram 
20.0 C.C. 

0 grjim 

20.0 C.C. 

0 ;?ram 
2 ao C.C, 

O gram 
20.0 C.C. 

o gram 
20.0 C.C. 

o gram 
20.0 C.C 

o gram 

20 O C.C. 

o gram 
20.0 C.C. 


I grau 
19.7 C.C. 

I gram 
20.0 C.C. 

I gram 
20.0 C.C. 

I gram 
*’ 0.0 C.C. 


I gram 

22.5 C.C. 

T gmm 

20.5 C.C. 


3 ffi'ams 

19.5 C.C. 

gramt. 
20.0 ...c. 

3 gnim.s 
20.0 C.C. 

S grams 
20 O C.C. 


jgraTiA 

19.0 C.C. 

5 grams 

20.0 C.C. 

5gran].s 

19.0 ac. 

5 grams 
2 C .0 C.C. 

5 grams 

20.0 C.C. 

10 grams 
19.0 C.C. 


1 giuTo 5 grams 
20.0 ‘.c. 20.00.0. 


In the absence of ferric salts, phosphate* and arsenates count 
as sulphur. 

In two series of experiments for determining the effect of varnna 
amounts of sulphur in the fonn of ferrous sulphate, we obtained 
the follouung i-esidts;—In the first series the assay solution was 
prepared in the manner wo have described for/’writes ; and in the 
second series, by fusion with nitre. 


Sulphur adiled . . , 0.050 gram 

“ Baric chloride ” required ii) 5.0 0.0. 

Sulphur added . . . 0.500 gram 

“Baric chloride” required (i) 50.0 c.o. 

•> ■■ (2) 50.0 „ 


0.100 gram 0.200 gram 
lO.O c.o. 2 C^ o,c. 

10.0 „ 20.0 „ 

1 .000 gram 
100.0 0.0. 

100.0 „ 


More than 5 grams of nitre must not be used in an assay • 
and, since the requisite amount of nitre considerably exceeds’ 
that sufficient to oxidise the sulphur, not more than 0.5 gram of 
anoxidised sulphur should be present in the portion of the 
sample weighed up for determination. When tho amount of 
sulphur present is not known within reasonable limits, the test 
portion may be tried with a drop of baric chloride solution 
instead of sulphuric aetd, so that the diminishing quantity of 
^^pitate may give warning of an approach to the fi nishing 

Determination of Sulphur in Blende.—Weigh up i gram 
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of dried and powdered blende, and mix and fuse with 5 grams of 
nitre in tlie manner descritied. Place the dish and its contents 
in the titrating-dish, extract with water, add 10 grams of sodium 
acetate and 10 c.c. of noetic acid, remove and wash the platinum- 
lish, and dilute to 500 c.c.; boil and titrate. In thb exam^lie, 
duplicate determinations required («) 32.0 c.c., (i) 32.25 c.o., 
giving an average of 32,1 per cent, of sulphur. 

Determination of Sulphur in Chaloopyrite (Yellow 
Copper Ore).—Take i gram of the fiucly-powdered sample, and 
5 grams of nitre. Spibikle a little of the nitre in a small Wedg¬ 
wood mortar, phme the ore on it, and cover with 2 or 3 grams more 
of the nitre. Hub up together, and transfer to a small porcelain 
dish ; clean out the mortar with the rest of the nitie, and add to 
the contents of the dish. Cover with a piece of pl.itinum foil, and 
heat gently with a Bunsen bumer till the mtro melts and the stuff 
shows signs of deflagrating; remove the heat, and allow the 
action to go on by itself for a minute or so, then heat over the 
Bunsen burner lor 10 minutes. Cool; tran.sfer the whole to the 
titraling-dish ; boil wit5#'5oo c.c. of wafer; remove the small dish 
and foil; add sodie acetate and acetic iicid, and titrate. 

Por example, i gram reipiiml 34.5 c.e. of “baiium chloride" 
(standard= 1.005 gram S), which is ocpiivalcnt to 34.7 per cent, 
sulphur. Hie theoretical percentage is 34.8. 

Determination of Sulphur in Chaloooite (Grey Copjier 
Ore).—Proceed as iu the last exjieriment, but, since the action with 
nitre is more moderate, no special precautions need be takeu on 
heating. A platinum dish may be used. 

An example wbicb was heated for 30 minutes required 20.5 ox. 
of the barium chloride solution. This is equivalent to 20.6 per 
cent, o? sulphur. The thooretic.al yield is 20.2 per cent. 

Determination of Sulphtir in Pyrites.—Take i gram of 
the finely-powdered sample, cover with 10 c.c. of nit ric acid, and, 
when action has ceased, evaporate to a small bulk. Add 3 or 4 c.c. 
o^ hydrochloric acid, and again evaporate to a paste. Take up 
with 1 or 2 O.C. of dilute hydrochloric acid, dilute with water, 
transfer to a titr.ating-dish, add 10 grams of sodie acetateand 5 o.ft 
of acetic acid, and dilute with water to 500 o.c. Boll and , 
titrate. ' ,, 

An example with i gram of a pure ciy.sUllized pyrites required ‘ 
52.7 e.c. of the barium chloride .loiaiion, which is equivalent ta.% 
53.0 per cent, of sulphur." Theory requires 53.3 per cent. (rf.V' 
sulphur. "j! ■ 

Determination of Sulphur in Kispiokel.—Take i grain)) 
of the powdered ore and evaporate with 10 c.c. of nitidc add, and" ) 
take up with 3 or 4 c.c. of hydeochloi'ic acid. H any globules ef . 



SraPHDK AND SDLPHATBa. 


'77 


sulphur remain, apin evaporate with nitric acid. Dilute, and 
t^sfer to the titrating-dish. Add lo grams of sodio acetate, 
dilute with w'uter, b(and titrate. Themispickelcarries (accord¬ 
ing to theory) exactly sufficient iron to precipitate the arsenic as 
Terrio arsenate in an acetic acid solution, so i'.. more iron need be 
added. The ferric arsenate will separate out as a yeUowish-whito 
flocoulcnt precipitate. 

An extimple required, in duplicate experiment, iS.s c.c. and 
18.7 c.c. of barium chloride, equivalent to 18.7 per cent, of sulphur. 
The formula, I'eSyFoAs,, requires 19.6 percent., but the sulphur 
generally varies considerably from this amount. 

Determination of Sulphur in Burnt Ores.— Take 5 grams 
of the dried and powdered ore, and rub up ivith 4 grams of nitre; 
transfer to the pl.atinum-dish; clean out the mortar with another 
gram of nitre, and add this as a cover. Hi at, and extract with 
water a.s before; add the sodium acetate apd acetic acid;and 
titrate. Burnt ores carry from a.5 to 5 per cent, of sulphur. A 
series of four determinations gavo:— 


Chloride ” Jlequired, 
12.6 C.C. 

29.9 .. 

I8.I 
22.0 „ 


Pcrceiil age of Sulphur. 

2-SS 7. 

5-98. 


3-62 „ 

4.40 « 


Qrarunetric Befolta. 

2 - 45 7 . 

5-84 » 

3 - 53 .. 

4 - 43 » 


For ores carrying less than i per cent, of sulphur, take 10 grams 
for tlj,e assay. 

Determination of Sulphurio Oxide (SO,) in Sulphates.— 
When the sulphur exists in the sample received by the a'^siiyer in 
an oxidised state as sulphate, it is usual to report it in terms of 
sulphuric oxide (SO,). In this case, the metal must a(so be 
reported ns oxide. For example, an analysis of copper smphate 
would be thus reported:— 


Oxide of copper (OuO).21 8 V 

Sulphnrio oxide (SO,).32 i ’* 

Water.j^;, " 


100.0 

The perwnti^e of sulphur multiplied by 2.5 gives the percentage 
of sulphuric oxide. Thus a sample of copper sulphate containing 
12.85 per cent, of sulphiu- will contain 12.85 x 2.5, or 32.12 oer 
lent, of sulphuric oxide. - 

- In minerals and metallurgical products, it is common to find the 
sulphur in both conditions—4. ■., as sulphate and sulphide. 
Generally in these the percentage of sulphur only is wanted; but 
this will depend entirely on commercial requirements, and not on-. 
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the fancy of the aaeayer. Soluble sulphates are determined 
separately by extracting with small quantities of col'J water, so as 
to avoid the separation of basic sulphates, or, if the sulphidbs 
present are not at the same time attacked, by dilute hf drochlorio. 
acid. Lead sulphate may be extracted by boiling with ammonio ,, 
acetate ; whilst barium, strontium, and, perhaps, calcium sulphate, 
will be mainly found in the residue insoluble in acids. 

Weigh up from 2 to 5 giams of the material according to the 
amount of sulphur judged to be present, and dissolve thorn in the 
titrating-dish with i c.c. of hydrochloric add and 50 c.c. of water. 
Add 10 grams of sodic acetate, and 10 c.c. of acetic add; dilute, 
boil, and titrate. In the case of ferric salts, half the quantity of. 
acetic acid will be better, as then the feiric iron will be precipi¬ 
tated, and a colourless solution will be loft, in which the end re¬ 
action is more readily distinguished. 

Detemined in this way, 5 gram samples of the following saltsl 
gave the results indicated below:— 


Balt. 

** Barium CWorida** 
l!oquircd. 

SulphnrioOi' 

Copper sulphate 

. 64.25 C.O. 

... 32-12 ■/. 

Magnesium sulphate 

• 6 ^. 2 , „ 

... 32-62 » 

Zinc sulphate . 

. Sf’-sS .. 

... 2S.I2 „ 

Ferrous sulpliate 

. 58.2s « 

... 29.12 n 

Sodium sulpliate 

. 5 I. 2 S .. 

... 25.60 „ 


Determination of Snlphurio Oxide in Barytes (I^eavy 
spar).—Fuse 2 grams of the powdered mineral with 5 grams of^‘ 
“fusion mixture” for five minutes; and, when cold, exti'act with 
water. Filter, acidulate the filtrate with an excess of 10 c.c. of 
acetic add, dilute, boil, and titrate. For example, a transparent 
crystillised sample required 27.0 c.c. of baiium cliloride, which is 
equivalent to 13.6 per cent, of sulphur, or 34.0 per cent of sul¬ 
phuric oxide. Theory requires 34.3 per cent of the lattersv 
Since both carbonate of soda and potash are liable to contain, 
sulphates, a blank determination should be made on 5 grams (d. ] 
the “fusion mixture," and the amount found be deducted 
that got in the assay. " ‘ 

PBACTIOAL EXEROIBSS. 

I. The price of snipher in an ore being 4i(I. per unit in the mnOMi.; 
markets, what wooH be the price of a ton of ore conjfqKw': 
49 per cent of sulphur 1 Whet woilia he the effect on 
of an error of 0.25 per cent in the assay I '*'■ ' j 

a. Pyrites carries 50 per cent of sulphur, and on calcining yields 70 
cent, of its weight of burnt ore. Supposing the burnt ore 
i.5 per cent, of sulphur, what proportion of tha Jttohur wul htw( 
h^n removed in the calcining ? 
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, J, How would blende con>pare with pyrites as a source o£ sulphur lot 
sulphuric acid making) 

4. How woulft you determine the percentage of sulphuric oxide in a 
- sample of gypsum 1 What is sulphuric oxide, and what relation 
, do jp it bear to s^bur ? 

j. A mineral contains ^7 per cent, of water, 32.4 per cent, of lime, and 
iM per cent, of sniphiir. What is its probable composition I 
What experiment would you try to determine the accuracy of 
your conclusion f 


SKLENIITM 

occurs in nature combined with copper, morcuiy, and lead, in 
certain rare minerals. In small quantities it is found in many 
ores. _ It is detected in solution by the red precipitate produced 
. on boiling the add solution with sodium sulphite. This reaction 
' is used for its doterniination. 

Solution.—The solution is effected by boiling with nitric add 
or aqua regia, or by fusing with nitre, i’o separate the selenium, 
the solution is evaporated with an excess of hydrochloric acid and 
a httle sodium or potassitim chlondo. This destroys any nitric 
add that may ho present, and reduces selenic acid (lI,SeO,) to 
selenious {Il,SeO,). The solution is diluted with water, and 
treated with a solution of sulphite of soda. It is warmed, and at 
last boiled. Tlie selenium separates as a red predpitate, which 
fon boiling) bec-omes denser and black. It is collected on a weighed 
filter^ washed with hot water, dried at 100* C., and weighed as 
pure selenium. 

Selenium imn he precipitated with sulphuretted hydrogen as a 
sulphide, which is readily soluble in ammonium sulphide. This 
sulphide may be oxidised with hydrochloric add and chlorate of 
potash; and the selenium separated in the manner describdB. 

TELLURIUM. 

Tellurium occurs in nature, native, and in combination with 
^Id, silver, bismuth and lead. It is sometimes met with in 
assaying gold ores. It may be detected by the purple colour it 
imparts to strong sulphuric acid when dissolved in the cold, and 
ly the black predpitate of metallic tellurium which its solutions 
yield on treatment with a reducing agent. Telluric add is re¬ 
duced to tollurouB (with evolution of chlorine) on boiling with 
kydrochloric add. « • ' 

- Solution is effected by boiling with aqua regia, or by fusing 
Hdth zutre and sodium carbonate. • 

.'.Separation.—^Tellurium doeely resembles selenium in its re- 
dl^ona. It is separated and determined in the same way. Like 
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it it fonns a. sulphide soluble in ammonium sulphide., B is dis- 
tinguisheil from selenium by the insolubility, in.« solution of 
cvanideof potassium, of the metal precipitated by sodium SF-- 
phite: whereas selenium dissolves, toriqjpg a soluble pota^io 

For the determination, solution is cflFected by fusing with nilM 
and sodium carbonate, dissolving out the tollurate of potash with 
water, and boiling with hydrochloric acid. Tollurous compounds 
are formed, with evolution of chlorine; and the solution, on 
tro.ating with a reducing agent (such as sulphurous acid or 
stannous chloride), yields metallic tellurium; which is washed, 
dried at lOO* C., and weighed. 


• Be + KCy = KOySa. 



CHAPTER XVn. 

ABSENIO, PHOSFHOBtTS, NITROGBW. 
ARSENIC. 

The chief source of the arsenic of commerce is arsenical pyrites, 
or mispickol, which contains about 45 per cent, of arsenic (As). 
Arsenic also occurs as a constituent of several comparatively rare 
minerals; and, as an impurity, it is very widely distributed. 
White arsenic is .on oxide of aisenic, and is obtained by roasting 
arsenical ores, and refining the material (crude arsenic), which con¬ 
denses in the flues. Arsenic itself is volatile, and many of its 
compounds liave the same property. It forms two well-defined 
series of salts, corresponding to the oxides: arsenious oxide (As, 0 ,), 
and arsenic oxide (ASjOj). Those combine with bases to form 
arsenites and arsenates respectively. Boiling with nitric acid 
converts the lower into the higher oxido; and powerful reducing- 
ageftts, such as cuprous chloride, hare the opposite effect. 

Arsenic may be detected by dissolving the substance in hydro¬ 
chloric acid, or in aqua regia (avoiding an excess of nh.rio acid), 
and adding a little of this solu¬ 
tion to the contents of a small 
flask in which hydrogen is being 
made by the action of zinc and 
hydrochloric acid. The ignited, 
jet of hydrogen assumes a blue 
colour if arsenic is present, and 
a cold porcelain dish held in the 
flame (fig. 67) becomes coated 
with a dark deposit of metallic 
arsenic. Antimony produces a similar effect, but is distinguished 
by the insolubility of its deposit in a cold solution of bleaching- 
powder. ^ • 

Arsmites are distinguished by the volatility of the chloride; by 
decolorising a solution of peumanganate of potassium, end by 
immediately giving a yellow precipitate with sulphuietted hydrogen. 
Arsenates are distinguished (after converting into soda salts by 
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boiling with carboniitc of soda and nevitralising) by pving with 
nitrato of silver a red {ireeipilale, and with “ magnesia mixture’’ a 
wliite ci-ystallinc one. <• 

Dry Assay.—'I’liere is no dry assay which is tnistworthy. TJhe 
following method is sometimes used to lind the proportion of 
arsenioiis oxide in “ crude arsenic ”:—Weigh iiji 5 grams of the 
dried sample, and place them in a chain di'y te.st 4 ulx' about 6 inehw 
long. Tie, a small filter-paper over the mouth of the tube, so as to 
prevent air-curmits. Heat the tulie cautiously .so as to sublime 
off the whit e ar.senic into the upper part of the tube. Cut off the 
bottom of the test-tuljo by wetting whilst hot. Seraiio out the 
arsenic and weigh it. Tlie weight gives an approximate idea of 
the quantity, and the colour of the quality, of the white arsenic 
ohUunable fjnm the sample. Some workers (sellers) weigh the 
residue, and determine the white arsenic by dillerence. In deter¬ 
mining the percentage of moisture in tbe.se samples, the substance, 
is dried on a water-bath or in a water-oven. ■’ 

METHODS. 

Solution. — Where, ns in crude ai'sonic, the substance is 
arsenious oxide (As,Oj) mixed w'ith impurities, the arsenic is best 
got into solution by wanning with caustic soda, and neutralising 
the excess with hydrochloric acid; it will be present as sodium 
arsenite. Metals and alloys are acted on by means of nitric qcid; 
or the aiveuio may be at the same time dissolved and separated by 
distilling with a strongly-acid solution of ferric chloride, in the 
way described under Volumetric Metlmdt. 

With minerals, mattes, &c'., solution is thus effected:—The 
finely-fiowdered substance is mixed (in a largo platinum or poroe- 
lain crucible) with from six to ten times its weight of a mixture of 
equal parts of carbonate of soda and nitre. The mass is thefi, 
heated gradually to fusion, and kept for a few minutes in that state. 
When cold, it is extracted with warm water, and filtered from thj 
insoluble residue. The solution, acidified with nitric acid 
boiled, contiiins the arsenic as sodium arsenate. With mispid^l, 
and those substances which easily give off arsenic on' heating, tj». 
substance is first treated with nitric acid, evaporated to diyuessj?* 
and then tlie residue is treated in the way just desorihed. v 

When the arsenic is present as arsenite or arsenide, distillafdtnjl 
with an add solution of fcitic chloride well give the whole ortra 
arsenic in the distillate free from any metal except, 
tin os 'stannic chloride. With arsenates, dissolve the eubstMoei 
in add and then add an excess of soda. Pass sulphfireil^^ 
hydrogen into the eolation; warm,'and filter. Addi]li^.^^S 
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filtrate, and pass snlphnretted hydrogen. Decant off tho fiquid 
through a filter, and digest the precipitate with ammnnic carbonate: 
:^lter, and re-precipiUite with hydi-ochloric acid and sulphuretted 
hydrogen. Allow to stand in a warm place, and filter off the 
yellow sulfhidc of arsenic. Wash it into a b^ikcr, clean the filter- 
paper (it necessary) with a drop or two of di' I'^e ammonia, evapo¬ 
rate with 10 c.c. of dilute nitric acid to a small bulk ; dilute; and 
■ filter off the globules of sulphur. The filtrate contains the arsenic 
as arsenic acid. 


0 EAVIMETBIC METHOD, 

Having got tho arsenic into .sol ution as ar.senic acid, and in a volume 
not much exceeding 50 c.o., add about 20 c.c. of dilute ammonia 
and 20 c.c. of “iirngnesia mixture.” Stir with agla,ss rod, and allow 
to settle overnight. Filter, and wasli with dilute ammonia, avoid¬ 
ing the use of large quantities of wash water. Diy, transfer the 
precipitate to a llcrlin crucible, and clean the filter-paper 
thoroughly. Bum this paper car-efully and completely; and add 
the ash to ilip' contents of the crucible, together with 4 or 5 drops 
of nitric acid. Kvai'Oiiite with a Bunsen burner, and slowly 
ignite, finishing olT with the blow-pipe or muffle. Cool, and weigh. 
The ignited precipitate is pyrarsenaleof m.agnesia (MgyAsjO,), and 
contains 48.4 ]>er cent, of arsenic (As). 

Instead of igniting tho precipitate with nitric acid,-it may lie 
collected on a weighed filter-paper, dried at 100' C., and weighed 
as ammonic-magnesic arsenate (aAmMgAsO^.IIjO), which contains 
39.5 per cent, of arsenic. Tho results in this ease are I'kely to be 
a little higher. The drying is very tedious, and is likely to leave 
behind more water than is allowed for in the formula. In a series 
of determinations in which the arsenic was weighed in botfi forms, 
the results were:— 


4iBaioai&-maf?DCfiio Arscoste 

Araenio 

Pyramnate 

Arsfinia 

in ^aras. . 

In grams. 

in grams. 

in grams. 

0.0080 

0.0032 

0.0065 

0.0031 

0.0400 

0.0158 

0.0330 

0.0160 

ao799 

0.0316 

.„ 0.0633 

0.0306 

0.1600 

0.0632" 

... 0.12S7 

0.0623 

a4ooo 

0.1580 

... 0.3205 ... 

ai55I 

0^7990 Me 

0.3156 

0.643s 

03114 
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VOIitrjIETEIO METHODS. 

Tliere are two methods: one for determining the ar.spnic in liJie 
lower, and tlio other in the higher stiite of oxidation. In the 
first-mentioned method this is done by titrating with a standard 
solution of iodine; and jn the latter with a solution of uranium 
acetate. Whoie the arsenic already exists as ai’senious oxide, or 
where it is most conreniontly separated hy distillation as arseni- 
ous chloride, the iodine method should be used; hut when the 
arsenic is sopai-ated as ammonio-magnesic arsenate or as sulphide, 
the uranium acetate titration should be adopted 

IODINE PROCESS. 

This is based on the fact that sodium aisenite in a solution cen- 
tainiug an excess of bicarbonate of soda is indirectly oxidised by 
iodine to sodium arsen^o.* and that an excess of iodine may be 
recognised by the blue colour it strikes with starch. The process 
is divided into tw'O paito—(i) the preparation of the solutiou, and 
(2) the titration. 

Preparation of the Solution.—For substances like crude 
arsenic, in which the arsenic is present as arsenious oxide, the 
method is as follows:—^Take a portion which shall contain from 
0.25 to 0.5 gram of the oxide, place 
in a beaker, and cover with 10 o.c. of 
sodic hydrate solution; warm till dis¬ 
solved, pot a small piece of litmus 
paper in the solution, and render acid 
with dilute hydrochloric acid. Add 
2 grams of bicaihonate of soda in solu¬ 
tion, filter (if necessary), and dilute to 
100 o.c. The solution is now ready 
for titrating. 

Where the arsenic has to be sepa; 
rated as arsenious chloride, the proc^| 
Pio, 68. is 08 follows :t —Weigh up i gram 'fit 

the finely-powdered ore (metals sk^ 
be hammered out into a tliin foil or be used as fiUngs), and ptkse 
in a 16-ounce flivsk previewed with a well-fitting cork, and con¬ 
nected with a U-tube, as shown in thesdrawing (fig. 68). clHse 
U-tnbe should contain 2 or 3 c.c. of water, and is cooled by b^g 

* N«,AsPi HiO+2I := Na^AsO, -H 2HI. The acid U at once neutialiaed. 

t Sf. TbomBaGibbiBtheocig’natoiatthiaiiigBBl^urocau. ,,, 
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placed in a jar or large beaker of cold water. Tne water used 
for cooling should be renewed for e.ich assay. 

< Pour on the asray in the flask 50 c.c. of a “ ferric chloride 
nj^ure,”, made by dissolving 600 grams of calcium chloride 
and 300 grams of ferric chloride in 600 c.c. of hydrochloric 
acid, and making up to 1 litre with water. 

Firmly cork up the apparatus, and boil over a small Bunsen- 
bumer flame for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the fla.sk, .‘vnd poim away its contents at 
once to pievcnt breakage of the flask by their solidification. The 
arsenic will he coudeiised in the U-tube, together with the gimter 
part of the hydrochloric acid; transfer the distillate to a beaker 
wa.sliing out the tube two or three times with water; add a small 
piece of litmus paper; neutralise with ammonia; render faintly 
(iciti with dilute hydrochloric acid; add 2 grams of bicarbonate of 
soda in solution; and dilute to 2 i;o c.c. The solution is now ready 
for titi-ating. 

The arsenic comes over in the early part of the distillation, as 
will be seen from the following experiment, made on 1 gram of 
copper precipitote; in which experiment the distillate was collected 
in separate (lorf ions at equal intervals, and the arsenic m each 


portion determined:— 

Time 

lodmo 

Equivalent to Arraais 
U) the DifltiUute. 

Oibitllinf;. 

lioquircd. 

5 minntei w. 

12.0 C.C. 

... 0.0450 gram 

5 .. 

0.17 .r 

0.0005 « 

5 .. 

0.0 „ 


5 

0.0 „ 


To dryness 

0.0 „ 



The volume of each distillate wiis about 5 c.c. • 

In this operation the metals are converted into chlorides by the 
action of ferric chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, but raises the temperature at 
which the solution boils, and is essential for the completion of the 
distillation.* Two experiments with material containing 3.48 per 
cent, of arsenic gave—(i) with ferric chloride alone, 2.74 per 
cent.; and (2) with the addition of calcium chloride, 3.48 per cent 
It is always necessary to make a blank determination with 
I gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride fixture, f Unfortunately, a correction ia 

* By taking hold of the water j .-esent, it may prevent the dissociation 
.. arsenlous chloride • 

t ft is diilicult to get ferric chloride free from arsenic; bnt the following 
iiwtment will remove Sd or 94 per cent, of the aisenio contained in the 
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ii]\vayg required. Tliis amounts to alx)ut 0.15 percent, of arsenic 
on each assay, even when the nii.'cliire lias been punned; and this 
constitutes the wealmoss of the uiuthod, since, in some cases, thf- 
correction is as mucli as, or even greater than, the percentage to 
be determined. 

The acid distillate containing the ai’senious chloride may be left 
tor an hour or so without much fear of oxidation; but it is safer 
to neutraliao and then to add the bicairbomato of soda, us the fol¬ 
lowing experiments show. Several portions of a solution, each' 
having a bulk of too c.c., were exposed for varying lengths of 
time, and the arsenic in each deteriuined. 


Timfl Exposed. 

Acid Solntions. 

mw'd! Ar,™io Found. 

Neutralised Solutioni. 
iSK Arutniu Pound, 

1 hour 

2 hours 

4 » 

5 >. 

18.2 c.<'.. ~ 0.0136 gram 
18.2.,, - 0.0136 „ 

17.7 „ - 0,0133 „ 

17.5 „ - 0.0131 

17.0 „ yt 0.0127 „ 

iS.i e.c. - 0.0136 gram K 

1X.2 „ = 0.0136 „ -a 

1.S.0 „ = 0.0135 „ jia 

iS.d „ = 0.0138 „ ^ 

1S.3 „ = 0.01J7 „ g.}' 


The Titratiorr.—Maltoa strndnrd solvtionof iodine by weipung 
up in a beaker t6.933 gi-anis of iodine and 30 gr.uns of po^Bium 
iodide in crystals; add a few c.c. of water, and, when ^olved, 
dilute to I litre: 100 c.c. will equal 0.500 gram of ansefitc. 

A solution of starch shhilar to that used in the iodide-copjier 
assay will be required. Use 2 c.c for each assay. Variations hr. 
the quantity of starch used do not iirteifere; but the solution 
must lie freshly prejiared, as after seven or eight days it becomes 
useless. 

To sfeindardise the iodine solution, weigh up 0.3 gram of white 
arsenic; dissolve in caustic soda; neutralise; after acidulating, 
add 2 grams of bicarbonate Of soda and 2 c.c. of the starch solu¬ 
tion, and dilute to 200 c.c. with cold water. Fill aburettehaving 
a glass stop-cock with the iodine solution, and run it into the 
solution of arsenic, rapidly at first, and then more cautiously, 
a final drop produces a blue colour throughout the solutioSl” 
Calculate the standard in the usual way. "White arsenic oontarM-' 
75.76 per cent, of arsenic. _ . 'i;. 

The following experiments show the effect of variation in tM 
conditions of the titration ;— 

commereW materialDissolve 2 or 3 IBs, ferrio chloride wua rg 
smallest amount of water that will effect tnlntion with the ad^t^H 
' 100 c.c. ef hydrooblorio acid; add a solution of sulphurous acid in qoflpK 
sufflnient to reduce 2 or 3 per cent, of the iron to the ferrous state! .iWjw 
.to staiM a weekand then boil,.to remove.the hy(1rooUoric('aotd,a^l^ 
Nitric aoid. wbich is prejudicial, is also removed by this tfeatmaatj 
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Make a solution of arsenic by dissolving 6.6o grams of white 
arsenic in loa c.c. of sodio hydrate solution; render slightly acid 
t.'th hydrochloric acid; add lo grams of bicarbonate of soda, and 
dilute to 4 litre : loo o.e. will contain 0.50 giam of arsenic. 

Effect of Varying Temperature.— 'J l.a reaction goes on 
very qtuckly in the cold, and, since there is no occa-sion for heat¬ 
ing, all titrations should therefore be carried out cold. 

Effect of Varying Bulk.—In these expcrimcnis, 20 c.c. of 
arsenic solution were lakim, 2 grams of bicarbonate of soda and 
2 o.c. of stai-ch solution added, and water supplied to the required 
Dulk. The results were:— 

Bulk . . . 5aoc.o, 100.0 o.c 250.00.0. 500.0 c.c. 

“lodiae” required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

Effect of Varying Bicarbonate of Soda.—^This salt must 
be present in each titration in LOnsidcnable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as iicntral carbonates should be avoided. 

.Bicarbonate added 1 gram 2 grams 5 grams' 10 grams 

. “Iodine*’required 20.10.0. 20.00.0. 20.1 c.c. 20.0 c.c. 

These results show that large variation in the quantity of 
■bicarbonate has no effect. 

^^ect of Free Acid.—In these experiments, the arsenic 
taken, the starch, and the hulk were as before, but no bicarbonate 
was added. In one case the solution was rendered acid with 5 c.c. 
of acetic acid, and in the other with 5 c.c. of hydrochloric add; 
in both cases the interference was strongly nurkod, and no satis¬ 
factory finishing point could he obtained. This was muck more 
marked with the hydroohloric acid. 

Effect of Foreign. Salts.—The process for getting the arsenic 
into solution will exclude all metals except .tin, hut the solution 
wall be charged with sodium or ammonium siJts in the process of 
neutralising, so that it is only necessary to see if these cause 
.any interference. The alkaline hydrate, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
pl^sehce. Monocarhonates similarly interfere, but to a much less 
mtent; hence the necessity for rendering the assay distinctly add 
before adding the bicarbonate of soda. 

' ''Witih 20 c.c. of arsenic solution ;*and with bulk, soda, and 
' atareh as before, the results ol boned were 
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With 20 grams of ammosic chloride • 

„ 20 grams of sodinm chloride • , 

„ 20 grams of sodium acetate . 

„ 0.050 gram of tin, as stannio chloride 
Without any addition .... 


.••Iodine" requlndi 

20.0 C.O. 

/ 20.0 „ 

. 20.0 M 

. IJ.6 » 

. 20.0 p 


The interference of the stannic salt is probably mechanical, th.. 
precipitate carrying down some arsenious acid. 

Effect of Varying Arsenic.—With hulk, sbireh, and soda 
as before, but with varying arsenic, the results wore:— 

Arsenic added . i.o c.c. lo.o 0.0. 20.0 c.c. 50.0 c.c. 100.0 c.o. 
“Iodine" required i.i „ 9.9 „ 20.0 „ 50.0 „ 100.0 „ 


Determination of Arsenic in Metallic Copper.—Put i 
gram of the copper filings, freed from particles of the file witi^< 
a magnet, into a i^-ox.-iLosk; and distil with tho ferric chlous 
mixture, as aliove described. Neutralise the distillate; acidW; 
add bicarbonate of soda and starch; dilute; and titrate witnum 
standard solution of idftiuc.* Make a blank determinatkfn with 
I gram of electrotyiio copper, proceeding exactly as with the 
assay; and deduct the amount of arsenic found in this experi¬ 
ment from that previously obtained. 

Working in this way on a copper containing 0.38 per cent, of 
arsenic and 0.80 per cent, of antimony, 0.38 per cent, of arsenic 
was found. 

Determination of Wbito Arsenic in Crude Arseniio.— 
Weigh out j gram of the dried and powdered substance (or 0.5 
gram if rich), and digest with 10 c.c. of a 10 per cent, solution of 
soda; dilute to about 50 c.c., and filter, llender faintly acid 
with hydrochloric acid, and filter (if necessary); add 2 or 3 grame 
of bicarbonate of soda in solution, then 5 c.o. of starch, and 
titrate the cold solution with the standard solution of iodine. 

The following is an example:— 

I gram of crude arsenic required 53.7 c.o. " Iodine; 

100 0.0. “ Iodine " «= 0.6000 gram wlxite arsenic; 

100 : 53.7 ;:o.6 : 0.3222, or 32.2 per cent. 

With the test-tube method of dry assaying, this same sample 
results vaxying from 33 to 35 per cent, of white arsenic, whi^j 
(judging from its appearance) was impure. < 

< 

* When the amount of aisemc to he estfmated is small (as in reBnea ; 
ooppe^), it is better to use a weaker solution of iodine. This is made hf (1 
diluting 200 o.a of the standard solution with water to I litre: 
will-equal 0.1 per cent., if i gram of the metal has been takes for'mi'> 
assay. 
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TOANIC ACETATE PEOCESS. 

This may be looked upon as an alternative to the gravimetrio 
method. It is applicable in all cases where ihe arsenic exists in 
solution as arsenic acid or as arsenate of soda. The process may 
be considered in two parts: (i) the preparation of the solution, 
and (2) the titration. 

Preparation of the Solution.—If the arsenic has been 
separated as sulphide, it is sufficient to attack it with 10 or 15 ac. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat till the 
separated sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 o.c. Dilute wich 20 or 30 c.o. of water; 
put in a piece of litmus paper j and add dilute ammonia until just 
alkaline. Then add 5 c.c. of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid); dilute 
to 150 ac., and heat to boiling. The solution is ready for 
titrating. 

When the arsenic exists in a nitric acid solution mixed with 
much copper, it is separated in the way described under 
Examinalimi of Cmmiercial Copper (Arsenic and Phosphorus), 
pages 208, 2oy. 

If the arsenic has been separated as ammonium-magnesium 
aisraate, and phosphates are known to be absent; dis.solve the 
precipitate (after filtering, but without washing) in dilute hydro¬ 
chloric acid. Add dilute ammonia till a slight precipitate is 
formed, and then $ c-o- of the sodhun acetate and acetic acid 
solution; dilute to 150 c.c., and heat to boiling. Titrate. , 

If phosphates aie present (which will always be the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration as arsenic (one part of phos¬ 
phorus counting as 2.4 parts of arsenic). It will be necessary to 
dissolve the mixed arsenate and phosphate of magnesia in hydro¬ 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as the combined phosphorus and arsenic present 
will unite with, and separate by the “ basic acetate ” process as 
ieecribed under Phosphorus in the ExwmiiwUum of CommerctaJ 
Copper, page 209. Obviously, when phosphates are present, it is- 
easieT to separate the arsenic as sulphide than to precipitate it 
with the “ magnesia mixture.’ • 

The Titration.-—The standard solution of wranivm aeetate is 
ijiP ul a by dissolving 34.1 grams of the salt (with the help of 85 aa. 
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of acetic acid) in water; and diluting to t litre. The water an 4 
acid are abided a little at a time, and warmed till solution ia 
effected; then cooled, and diluted to the re(|uired voluiQfK 
100 c.c. will equal 0.50 gram of arsouic. r 

The todie aeetale and acetic add aduiion is made 
dissolving 100 grams of sodic acetate in 500 c.c. of acetic acid, 
and diluting with water to i litre, five c.c. are used for each 
assay. 

The solution of potaaaie ferrocyanido used as indicator is made 
by dissolving 10 grama of the salt in 100 c.c. of water. 

To standardise the solution of uranium acetate, weigh up a 
quantity of white arsenic (Aa, 0 ,) which sliall be about equivalent 
to the arsenic contained in the assay (o.i or 0.2 gram); transfer 
to a flask, and dissolve in 10 c.c. of nitric acid with the aid of 
heat. Evaporate to a small bulk (taking care to avoid the 
presence of hydrochloric acid); dilute with water; add a small 
piece of litmus paper; render faintly alkaline with ammonia; 
then add 5 o.c. of the sodic acekate mixture; dilute to 150 c.c.; 
and .heat to boiling. 

Fill an ordinary burette with the uranium .acetate solution, and 
run into the assay a quantity known to be insufficient. Again 
heat for a minute or two. Ai'range a scries of drops of the solu¬ 
tion of ferrocyanido of potassium on a porcelain slab, and, with 
the help of a glass rod; bring a drpp of the assay solution in contact 
with one of these. If no colour is produced, run in the uraniun 
acetate, 1 c.c. at a time, testing after each addition, till a brow] 
colour is developed. It is best to overdo the assay, .and to coun 
back. It is not necessary to filter off a portion of the assay befovi 
testing with the “ ferrocyanide,” since tlie precipitate (uranii 
arsenate) has no efiect. 

The following experiments show the effect of variation in thi 
conditions of titration. Make a solution of arsenic acid by dis 
solving 4.95 grams of arsenious acid (As,Oj) in a covered beake; 
with 35 C.C. of nitric acid; evaporate down to 7 or 8 c.c.; am 
dilute with water to i litre: 100 c.c. will contain 0.375 grama 
arsenic. Use 20 c.c. for each experiment. 

Effect of Varying Temperature.—It is generally reoojp 
mended to titrate the boiling solution, since it is pisuble that'.ihi 
precipitation is only complete on boiling. Low results are q| 
tained in a cold solution, the apparent excess of uranium 
striking a colour at once; boiling, hoyever, it ceases to d|M 
consequently, the solution should always be boiled directlyjUPp 
testing/ 

In./our.6zperiments made in the way described, but w.i/u a:, we 




ot i. solution of arsenic aoid stronger than that given (loo c.o.= 0.5 
^Tom As), th% results at varying tomperatiires were :— 

i • 

I Tempej^ture . . 15“ 0 . 30° 0 . 70° C. loo’ 0 . 

“ Uramum” required 18.0 c.c. 18.5 c.a li r o.e. 187 o.c. 

Bffoct of Varying Bulk.—These experiments v/ere like those 
last mentioned, but wore titrated boiling, and the volume was 
varied:— 

Bulk.... 50.0 ao. 100.0 0.0. 200.0 c.c. 300.0 o.c. 

“ Uranium ” required 14.0 „ 14.0 „ 14.5 „ 15.0 „ 

Considerable variations in bulk Jire to Ire avoided. 

Effect of Varying Sodium Acetate.—Those experiments 
were carried out like those hist noticed, but the bulk was 150 c.c., 
and varying amounts of sodic iicofate were added in excess of the 
quantity used in the experimen ts previously described:— 

Sodic acetate added 0 gram 1 gram 10 grams 20 grams 

“ Uranium ” required 14.5 c.c. 14.5 0.0. 16.0 c.o. 18.0 0.0. 

It is evidently important that the quantity of this salt present 
in each titration be measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution.—Acetic Acid also ali'ects the results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the 
results were:— 

. Solution added. . 0.0 o.c. $.0 o.c. lo.o c.c. 15.0 0.0. • 

“Uranium ” required 14.5 „ 14.5 „ 14.5 „ 14.0 „ 

Solution added. , 20.0 „ 30.0 „ 40.0 „ 50.0 ff 

“Uranium” required 13.2 „ 10.0 „ 6.0 „ 2.0 „ 

‘ These show that the quantity ordered (5 o.c.) must be adhered to. 

Effect of Foreign Salts.—In those exjieiiments, 10 grams of 
the salt (the effect of which it was desired to determine) were 
added to a solution in other respects resembling those previously 
psed:— 

• gjjf adfled / Ammonio Ammonio Ammonic Magnesium 

■( sulphate, nitoate. chloride. sulphate. 

"Uranium" required <5.50.0. 15.50.0. 15.3 c.o. 15.30.0. 

^ Without any addition, 15.0 0.0. were required; and in another 
||4)srunent, in which ^o gjams of ammonic salts wore present,. 
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15.6 C.C. of uranium solutio; wore required. Such variations in 
the amount of ammonic salts as occur in ordinsiry working are un¬ 
important. ^ ' 

Phosphates, of course, intoi-fere. In fact, the urauipm ace^pte 
solution can he standardise<i hy titrating with a known weight of 
phosphate, and calculating its equivalent of arsenic. Thus, in an 
experiment with 0.6 gram of hydric sodic phosphate (NajHPOj, 
laHjO), equivalent to 0.05195 gram of phosphorus, or 0.1256 
gram of arsenic, 23.25 c.o. of a solution of uranium acetate were 
required. The same solution standardised with white arsenic gave 
a standard of which 100 c.c. = 0.5333 gram ai'senic. On this 
standard the 0.6 gram of sodic phosphate sliould have required 
23.5 c.c. 

Experiments in which o.i gram of bismuth and o.i gram of 
antimony were present with 0.1 gram of arsenic, showed no inter¬ 
ference on the titrajion. Ferric or aluminic salts would remove 
their equivalent of arsenic, and, consequently, must be removed 
before titrating. 

Effect of Varying^Arsenlo.—^Varying amounts of metallic 
Arsenic were weighed up and dissolved in nitric acid, Ac., and 
titrated:— 

Arsenic taken 0.010 gram ao5o gram 0.100 gram o.20D gram 
Arsenic found 0.010 „ 0.050 „ aioo „ 0.197 » 

These experiments show that the method yields good results ^ 
within these limits. 

Determination of Axsenio in Hispickel.—^Weigh'up i gram 
of tho dried and powdered ore, and evaporate to near diyuess with 
20 c.c. of dilute nitric acid. Make up to 100 c.c. with water, and 
pass svlphurettcd hyth'ogen to reduce the ferric iron to the ferrous 
state, then add 20 c.c. of dilute ammonia, and again pass sulphu¬ 
retted hydrogen. Warm, filter, and evaporate the filtrate to drive- 
off the excess of ammonia; then odd 10 c.c. of nitric acid, and boil 
down till the sulphide of arsenic at first precipitated is dissolved;' 
neutralise; add 5 c.c. of sodium acetate and acetic acid solution; 
transfer to a pint flask, boil, and titrate. ■ 

For example, an impure sample of ore required, in duplicate assay , 
of half a gram each, when timted in the above-mentioned way, ^^. 6 > 
and 39.5 c.c. of the uranium acetate solution (too o.«, = 0,537 grant 
of arsenic), equivalent to 0.2114 gram of arsenic, 6r 42.3 per ehtet;?;! 

An alternative method*-is as follow^. Powder the ore Vjf^S 
finely and weigh up .5 gram. Place in a 2| inch berUn dish fKm 
add strong nitric acid, one drop at a time until the action 
with , care there need be no very violent reaction Drr.'Ote'ili 





ytUM Iiatti, Oover with z grums of nitre and over thus spread 
5 gnais of • mixture of equal parts of nitre and carbonate of 
*oda. Fmb in a mi.IS or over a large gentle blow-pipe fiame for 
ffiiijut^. Tins will spoil the dish. Allow to cool and boil 
tut in'a larger dish with loo c.c, of water. !'’ilter and wash into 
an 8 oz. flask. Acidify the liquor with nii, a and boil down to 
about loo c.c. The acid should not be in too large excess, Dul 
an excess is needed to destroy nitrites. Neutralise with soda or 
'ammotua. Add 5 o.c. of the mixture of sodium acetate and 
totic acid. Titrate with uranium acetate. * 
Determination of Arsonio (As) in Crude Arsenic.—The 
method given under the iodine titration sinxply determines that 
portion of the arsenic which is present in the substance as 
arsemous oxide or white ai’senic. The following method will give 
the total areonic in the sample. It would be incorrect to report 
this as so much per cent, of arseuious oxide, although it may be 
•reported as so much per cent, of aisenic equivalent to so much per 
cent, of white arsenic, thus 


Arsenic .... 
Equivalent to white arsenic 


30.0 per cent. 
39-6 ,, 


The equivalent of white arsenic is calculated by multiplying the 
pMoentage of aveonie by 1.30. The method of determining the 
percentage of arsenic is as followsBoU i gram of the sample 
with^io C.C. of nitric acid. When the bulk of the solution has been 
^reduced to one-half, and red fumes are no longer evolved, dilute 
'•with a little water, and filter into a fiask. NeutraMse the filtrate, 
^d 5 0.0. of Bodip acetate solution, boil and filter. The pi ecipitate 
»emc arsenate) is transferred to a small beaker, treated with 5 o.c, 

,^dilute ammonia, and sulphuretted hydrogen passed through it. 
»xhe ^ron s^phido is iiUei^d off, and the iiltrate evaporated with an 
»x^ of nitric acid. When the solution is clear, it is neutralised, 
.and I or 2 ext of sodic acetate solution having been added, is then 
with the first filtrate. The solution is boiled and titrated, 
sample treated in this way required 49.2 o.c. of the uranium 
♦petate solution (100 c.c.«= 0.537 gram of arsenic), equivalent to 
cent. 

, . D^rminatlon of Aj-senio in Brimstone.—^Take 10 grams 
‘S subsl^ce, and powder in a mortar j rub up with 10 c.c. of 
jmitte^moiua and a little water; rinse into a pint flask; pass a 
Anwrt of sulphi^tted hjjlrogeu; and Vann on a hot plate for a 
*^iiitnnt68. Filter, acidulate the filtrate with snlphario acid 5 
pK^i^the precipitate; attack it with 10 c.c. of nitric acid; and 
w the other determinatioos 
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FKAOTICAL EXERCISES. 

I. Kispickel contains 45.0 per cent, of arsenic, to bow nnch wldt* 
arsenic will this be equivalent t 

S. How wonld you nnake a standard soiotion of iodine so tiiat 100 c.a 
sball be equivalent to i pram of wbite arsenic ? 

3. What weipbt of arsenic is conlained in I pram of pymrsenate of 

magne,sia, and what weight of ammonic-mugnesic arsenate would 
it bo equivalent to 3 

4. The residua, after ho.ntinp 10 prams of cnidc arsenic, weighed 0.62 

pram. What information docs this give as to the composition 
of the substance? If another 10 prams of the substance, heated 
on a water-biith, lost 0.43 pram, what oonclu.sious would you draw, 
and how would yon repot t ynnr rcsnlls 3 

5. If a sample of copper contained 0.5 per cent, of arsenic, and i pram 

of it wore taken for an ass.ay, how much standard ur,aiaum acetate 
solution wonld he required in the titration 3 


PllOSPUOJtlTS AND PHOSPHATISS. 

Plio.?phorus rarely occurs among minerals except in Its highest y 
oxidized state, phosphoric oxide (P. 0 ,), in which it occurs abui^^’^ 
antly as “ rock phosphate," a variety of apatite which is 
phosphate of lime. Phosphates of most of the metallic oxides are 
found. Phosphoric oxide in smiJl qu-antities is widely diffused, 
and is a constituent of most rocks. Its presence in vaiying 
amounts in iron oros is a matter of importance, since it affects til* 
quality of the iron obtainable from them. 

Phosphorus occurs in alloys in the unoxidized state. It is 
directly comhined with the metal, forming a phosphide. In this 
maimer it occurs in meteoric iron. The alloy phosphor-bronze 
is made up of copper, tin, zinc, and phosphorus. 

Phosphates are mined in largo quantities for the use of manure 
manufacturers, and for making phosphorus. 

Phosphorus and arsenic clasely re.somble each other in theit 
diemical properties, more especially those wHch the assayer makes 
use of for their determination. Phosphorus forms several series 
of salts; but the phosphates are the only ones which need,be 
considered. Pyrophosphate of magnesia, wliich is the form in 
which phosphoric oxide is generally weighed, differs from the 
ordinwy phosphate in tke proportion of base to acid. Met% 
phosphates differ in the same way. Iff these are present, it miM 
be remembered they act differently with some reagents from .10 
ordinary phosphates, which are called orthophosphates. 
are, 1 howevar, all convertible into orthophwpha*- ’■- 
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irhkh will remove their base, s'lch as fiiaon with alkaline car¬ 
bonates, boiling with strong acids, &c.* 

Phosphides are converted into phosphates by the action of 
fipnc acid or other OAidizing agents. Dilute acids, when they 
acWon the Substance, evolve phosphuretted hydrogen (PH,). Tlie 
student should bo on his guai-d against Icsii ' uhosphonts in this 
manner. 

There is no dry aswiy for phosphorus. All essays for it are 
made either gravi metrically or volumetrically. 

The sejairation of phasphoric oxide is made as follows:—The 
ore or metal is dissolved in iicid and evaporated, to render the 
silica insoluble. It is taken up with hydrochloric .acid, dilnted 
with water, and treated with sulphuretted hydrogen, ihe filtrate 
is boiled, to get rid of the exco.ss of gas, and treated with nitric 
acid, to poroxidize the iron prc.scnt. If the iron is net present in 
more than suflicient quantity to form ferric phosphate with all 
the phosphorus present, some terrir- chloride is addr d. The iron 
is then separated as basic accti.te. The precipitate will contain 
the phosphorus, togetlxsr with any arsenic acid not reduced by 
the Bulphrrretted hydrogen. The precipitate should have a 
decided brown colour. The precipitate is washed, transferred to 
a flask, and treated first with ammonia, and then with a current 
of sulphirrcttod hydrogeri. The filtrate from this (acidulated 
with hydrochloric acid, and, if necessary, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the pr;psence of alumina, chromium, titanium, or tin, if the solu¬ 
tion is effected with nitric add. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or arser'c oxide 
that may be present. 

A method of separation more generally applicable and more 
convenient to work is based on the predpitation of a yellow phos- 
pho-nrolyhdato of ammonia,t by the action of an excess of ammonic 
molybdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with to o.o. of nitric acid, and add 20 grams of ammonic 
nitrate, together with a little water. Next put in the solution of 
ammonium molybdate solution in the proportion of about 50 c.c. for 
bach 0.1 gram of phosphoric oxide judged to be present. Warm to 
about So' C., and allow to stand for on hour. Filter, and wash 


* 'The,constitution of these phosphates majnbe thus Qlastrated— 
Magnesio meta-phespbate MgO.PjO,. 

Magnesio pyro-phosphste sMgO.P.O,. 

Magnosic cttho-phosphi.e 3Mg0.P,0,. 
composition of which is— 

MoO, 90.74, P, 0 , 3a4, (NjfdiO 3.57, H ,0 2.54 = loono. ■ 
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with a 10 per cent, solution of ammonic nitrate, it is not nece*^. 
sary tliat the whole of the precipitate be placed on the filter j bat 
the beaker must be completely cleaned. Dissolve fhe precipitate 
off the filter with dilute ammonia, and run the solution intortHb 
original beaker. Eun in from a Wotte, slowly and wfch stirring, 

“ magnesis mixture,” using about 15 o.c. for each 0.1 gram of 
phosphoric oxide. Allow to stand for one hour. The white 
crystolline precipitate contains the phosphorus as ammomura*^ 
magnesium phosphate. 

Phosphate of lead is decomposed by sulphuric acid; the lead is 
converted into the insoluble lead sulphate, and the phosphoric . 
acid is dissolved. Phosphate of copper and phosphate of iron 
may be treated with sulphuretted hydrogen; the former in an 
acid, and the latter in an alkaline, solution. Phosphate of alu¬ 
mina is generally weighed without separation of tlio aluiuina* 
since this requires a fusion. In all cases the aim is to get tha 
phosphoric oxide either free, or combined with some metal 
whose phosphate is soluble in ammonia. 

Joulio’s method o£ 4 ieparation is as follows:—One to ten grams 
of the sample are treated with hydiwhlorio add, and evaporated 
to dryness with the addition (if any pyrites is present) of a littl^ 
nitric odd. The re.sidae is taken up with hydrochlorie 
cooled, transferred to a graduated fiask, and dilated to the maK 
It is then shaken up, filtered through a dry filter, and a measi^ 
portion (containing about 0.0j gram of phosphoric add) trohs^ 
ferred to a small beaker. Ten c.c. of a dtrio-acid solution 
magnesia * is added, and then an excess of ammonia. If sin 
immediate predpitate is formed, a fresh portion must he measured^^ 
out and treated with 20 o.c. of the dtrate of magnesia soluti^ 
and'with ammonia as before. The beaker is put aside for fixte', 
two to twelve hours. The predpitate is then filtered off and 
washed with weak arnmonia; it contains the phoephor'n». 
armnonium-magnesium phosphate. 


GEAVUIETEro DETEEMINATIOH. 

If the phosphate is not already in the form of ammo^dS 
nesic phosphate, it is converted into this by the additii^iO^ 
solution of on excess of ammonia and “ magnesia miztilrd’*,^| 
order to get the predpitate pure, the “ magnesia mixture’’^ 

* This is made by adding 27 graris of magnesium oaibonats Q 
a ttoe) to a solntion of 270 grams of citric acid in 3500.0. of 
and when dissolved, adding 4000.0. of dilate ammonia, udh 
Wk to 1 litre; 20 o.c. of the solntion is sufficient'for 0.1 j 
' although more will be requited if mnqh iromor alumina isp 
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gradually (liy drops) from a burette, wlth*congUnt stirring. A 
* Vjtite crystalline precipitate at once falls, if much phosphorus is 
{yissent ;,hut, if there is only a small quantity, it may be an hour 
or two before it shows itself. The solution is best allowed to rest 
for twelve or fifteen hours (overnight) boto- ', filtering. The pre¬ 
sence of tartaric add should be avoided; and the appearance of 
the .predpitate should be crystalline. The solution is decsinted 
through a filter, and the precipitate washed with dilute ammonia, 
using as little as may be necessary. The predpitate is dried, 
transferred to a wdghed Berlin or platinum crudble; the filter- 
paper is carefully burnt, and its ash added to the predpitate, 
wmch is then ignited, at first gently over a Bunsen burner, and 
then more strongly over the blowpipe or in the mufile. The resi¬ 
due is a white mass of magnesium pyrophosphate containing 27.92 
■per cent, of phosphorus, or 63 96 per cent, of phosphoric oxide. 


VOLTTMBTEIO METHOD. 

Instead of separating and weighing this compound, the phos¬ 
phoric oxide in it can be determined by titration. In many cases 
the ore may be dissolved and immediately titrated without pre¬ 
vious separation. It is bettor, however, to carry the separation 
(0 far as to get phosphoric add, an alkaline phosphate, or the 
mignesia precipitate. It may then be prepared for titration in 
• tiw following way:—^The predpitate in the last case (without 
much washing) is dissolved in a little hydrochloric add, and the 
solution in any case rendered fairly acid. Dilute ammonia is 
added till it is just alkaline, and then 5 c.o. of the sodic acetate 
and acetic acid mixture (as described under the Arseni? Assay). 
This should yield a dear distinctly-add solution. It is diluted 
to too or 150 C.C., heated to boiling, and titrated with the ura- 
"‘ninm acetate solution, using that of potassic tertocyanide as 
indicator. 

‘ The etmdard aolviim required is made by dissolving 35 grams 
^ uranium acetate in water with the aid of 25 c.c. of acetic acid, 
^md diluting to i litre. 

■ An equivalent solutum of phosphoric exdde is made by dis¬ 
solving 25.21 grams of crystallised hydiic disodic phifephats’ 
:(EQSa^?0,.i2H,0) in water, and n^pking up to i litre. 100 o.e, 
%j]l contain 0.5 gram M phosphoric otdde (B,0,), or 0.2183 gram- 
,;Bf:^osphora8. In making this solution, transparent crystEds onl^ 
bb used. The uranium acetate solution is onlf approa** 
equivalent to this, so that its exact standard fttuk bii'- 
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Sodie Acetate amd Aodic Acid Solution .—It is the evune ae that 
lescrilied under Arsmm.* Use 5 c.c. for each assay. , 

Tlie following experiments show the eflbet of variation in th# 
pondilions of the titration:— 

Effect of Varying Temperature. — The solution should 
:)e titrated while boiling. This is espeeinlly nece&sary for the 
ast few c.c. in order to get a decided and fixed finishing point. 


Temperature . 

“ Uranium ” required 

15* C. 

30" C. 

70" C. 

loo" 0. 

18.0 c.c. 

x<).2 ac. 

19.0 C.C. 

18.9 C.O. 

Effect of Varying 

Bulk.— 




Bulk .... 

5ao O.C. 

lOO.O C.C. 

200.0 C.C. 

300.0 c.c. 

“ Uranium ” required 

18.8 „ 

1S.9 ., 

19.0 „ 

»9-3 .. 


Variation in bulk ajfecds the results; therefore, a cmistantbulh ' 
should be adhered to. 

Effect of Varying Sodium Acetate and Aoetio Aoid 
Solution.— A' y 

Sodium aceUte 
and acetic 

acid solution 0.0 c.o. 1.0 c.c. 5.0 e.o. lo.o 0.0. 20.0 a% 

“ Uranium " re¬ 
quired . . 18.9-,, 18.9 „ ig.r 18.8 „ 17,S B 

As in the titration with arsenates, an excess is dangerous to 
ihe assay; a definite quantity (5 c.c.) should, therefore, be used. 

Effect of Foreign Salts.—Besides the sodium acetate, Ac., 
idded, the only salts likely to be present are those of anunonia 
ind magpe.sia. In three experiments, in one of which no foreign 
lalts wore introduced, while in the other two 5 grams of ammonio 
ihloride and of magnesium sulphate respectively were added, there 
«rjro requir*d:— 

With ammonic chloride « ,18.8 c.o. “ Uranium ” solntion 

With magne.sinm sulphate . . 19.0 „ „ 

Without foreign salts . . . 18.9 „ b 

Effect of Varying Phosphate.— 

“Phosphate” solution added 10.0 0.0. 20.0 c.c. 50.00.0. 100.00.0. ^ 
“Uranium"required . ., 9 - 8 » 18.9., 47-6 94-5 y 

The quantity of phosphoric oxide in the "assay solution .for the 
Bonditioa^ of titration ^ould not be much less than 0.05 grain, ' 

* For me details of the titration, the student is^referred to the same 
itaoe. . ' . ^ 



PH08PH0BUS AKD PHOSPHATSS. 


^9 

For smaller g[uantities tLe uranium solutiop should be diluted to 
its strength, and the assay solution concentrated 1^ reducing 
iu 'bulk to 50 C.C. and using 2.j c.c. of the sodium acetate and 
adfetic acid solution. 

Determination of Pbosphoric Oxide i r Apatite.—^Weigh 
op 0.5 gmm of the dried-and powdered sample, and dissolve it in 
5 C.C. of hydrochloric acid. Evaporate to a paste, add 5 c.c. of 
the sodic acetate and acetic acid solution, dilute to 100 &C. witi 
water, boil, and titrate with uranium acetate solution. 

In an example, 0.5 gram of apatite retiuired 37.4 c.c. of uranium 
acetate solution (standard equal to 0.5291 gram of phosphoric 
oxide). The sample therefore contained 0.1979 gram of P,Oj, 
equal to 39.58 per cent. 

Determination of Phosphorio Oxide in an Iron Ore.— 
Take 10 grams, boil with 50 c.c. of hydnxliloric acid, and evapo¬ 
rate to a paste; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Piiss sulphuretted hydrogen 
for nearly a quarter of an hour; warm, and filter. Boil off the 
excess of gas; cool, add ammonia till nearly neutral, and then a 
few drops of feme chloride solution, and 4 or 5 grams of sodium 
acetate, with a drop or two of acetic acid. Boil and liltei-. Dis¬ 
solve the precipitate in hot dilute hydrochloric acid, and add 
citro-maguesia mixture and ammonia; allow to stand overnight, 
filter, ignite, and weigh. 

Ib an example, i o gi'ams of ore gave 28.5 milligrams of magnesic 
pyrophosphate, which is equivalent to 0.18 per cent, of phosphorio 
oxide. 

Determination of Phosphorus in Iron.—Take "rom 2 to 
10 grams (according to the amount of phosphorus present), and, 
dissolve in aqua regia, keeping the nitric acid in excesl; eva¬ 
porate to dryness and take up with hydrochloric acid, boil, 
mlute, and filter. Add 10 c.c. of nitric acid, nearly neutralise 
with ammonia, render add with 3 or 4 c.c. of nitric acid, and 
add 10 or 20 c.c. of ammonic molylsiate solution. Heat for 
some time, allow to settle, filter, and wash the predpitate with 
a solution of ammonic nitrate. Dissolve the precipitate in 
dilute ammonia, nearly neutitdise with dilute hydrcwhloric add, 
and add first “ magnesia mixture,” and then ammonia; allow to 
stand overnight; filter, wash with dilute ammonia, dry, ignite, and 
weigh as magnesic pyrophosphate. CS^ulate to phosphorus. 
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PRACTICAL BXEROISES. 

1. Ten ^itma of an iron jielded'12 millij^ams of tifopIldaphateVt 

mai;ne8iA Wbat percentage of phosphorus did the metal 
contain 1 

2. Ten grams of an iron ore pare 12 milligrams of pyrophosphate 

What percentage of phosphoric oxide did it contain J 

3. What weight of apatite 3Ca,(P04)2.0aClF wonld require Ko c.Ot-of 

standard nraninm solution (100 e.c. equal to 0.5 gram of Pfil), 

4. Tou have reason to believe that a precipitate which has been weighed 

as magnesic pyrophosphate contains some arsenate. How would 
you determine the amount of phosphate really present? 

Twenty c.c. of a solution of sodic phosphate containing 0.100 gram 
of FiOj was found to require a solution containing 0.700 gram of 
hydrated uranium acetate in a titration. The precipitate oon- 
^ns go.09 per cent, uranium oxide and 19.91 per eent. of phos- 
phorio oxida What percentage ot uranium oxide was contained 
in the nranic acetate ? ' 

NITRQBEN AND NITRATEa 

Nitrogen occurs in nature in the free state, and forms about 
four-fifths of the atmosphere. In combination, as nitrate, it is found 
in nitre (KNO,), and Chili saltpetre (NaNO,), minerals which 
have a commercial importance, The latter occurs in beds, and i* 
extensively worked for use as a manure and in the.preparation of 
nitric acid. , 

Nitrogen is mainly charaotcrisod by negative properties, although 
many of its compounds are very energetic bodies. It is a gas, 
present everywhere, but so inactive that the assayer can aiwayi 
Jifford to ignore its presence, and, except in testing fnmaob 
gases, cte., he is never called on to determine its quantity. ■' 

The nitrates are an important class of salts, and may be looli^ 
on as compounds of the bases with nitric pentoxide (N, 0 ,). Thi^ 
are, with the exception of a'few basic compounds, soluble' 4 pi 
water, and are remarkable for the ease with which they ^ve up. 
their oxygen. The alkaline nitrates fuse readily, and lose 
with effervescence forming nitrites; while at a higher temperatus^ 
they yield more oxygen and lose their nitrogen, either as k Idt^’ 
oxide or as nitrogen. The nitrates of the metals, on heatiilg,Jfi 4 ii^ 
the oxide of the metal. It is as yieldeis of oxygen that niteliik 
are so largely used in the njanufacture of explosives. Qunpw*^ 
contains from 65 to 75 per cent, of potassium nitrate 

Nitrates are best detected and determined by thefr;yiel|iM 
nitric oxide when treated with sulphuric add (md 
redoring 'agent, such as ferrous sulphate, mercury, .OtSeg^W 
Nifrio oxide is a colourless gas very subtly solt^ ip 
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(ji^bines at*once wiiL oiygen, on mixing‘with tho air, to form 
•brown “nitrous fumes,” and dissolves in a solution of ferrom 
n^bate, producing s characteristic Uaekish-brown colour. It is 
this colour which allbids the best and most cosily-applied test for 
nitratos. The substance suspected to contu'". nitrates is d;ssolved 
in about I c.o. of water, and treated .nnth an equal volume of 
strong sulphuric acid. After cooling, a solution jf feirous sulphate 
is pourfed on its surface, so as to form a layer resting on it. On 
standing, a brown or black ring is developed where tho liquids 
join, if any nitrate or nitrite is present. Nitrites aia distin¬ 
guished from nitratc.s by cn'erve.scing and yielding brown fumes 
when treated with a little dilute sulphuric acid. 

The separation of nitrates is in many oases difficult. Generally, 
on treating the substance with water, the nitrate will be in. the 
solution, and is filtered off fram any insoluble matter. In the 
exceptional cases it is got into solution by treating with a boiling 
solution of sodium carbonate j the filtrate will contain it as an 
alkaline nitrate. 

Since, however, in their determination, nitrates are never 
separated and weighed as such, the difficulty of separating them 
has little importance. Usually, the determination can be made on 
the original aqueous solution, and it is never necessary to do more 
Wian remove any special substance which has a bad effect; and this 
is easily done by the usual reagents. 

GEAVIMETEIC DETEEMIKATIOE. 

P follows from what has been said that there is no direct gravi- 
jtoetric'determination. The percentage of nitrogen pelfitoxide 
;>jyr 0,) in a comparatively pure nitrate is sometimes determined 
djKflrecciy in the following wayPlace in a platinum-crucible 
4 or 5 grams of powdered and cleaned quartz. Ignite, ccml in a 
ijeaccator, and weigh with the cover. Mix i gram of the drM 
ignd powdereA salt with Ihe quartz m the crucible by stirring with 
’ a rtiout platinum-wire. Covet’ the crucible, and heat in a Bunsen- 
flame at scarcely visible redness for half-8n-hour._ Cool 
' ini weigh. The loss in weight gives the amount of nitrogen 
;*eWoxide. . Sulphates and chlorides in moderate quantity do not 
Ifc^ere. The following is an example of the process:— 
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Crucible end sar.d 
Nitre taken • 


ed.d^oij gianw 
I.OOOO „ 


, Wciglit after ignition 


27.6485 •'» 

27,1160 „ 


Lo.<is on ignition 


0.5325 « 


This is equal to 53.25 per cent, of nitrogen pentoxido. 


VOLXTMETEIC DETBEMINATION. ^ 

This is based on the oxidising action of nitric acid, or of nitrates 
in acid solutions on ferrous s.alts. The penloxide (NjO,) of the 
nitrate is reduced to nitric oxide (NO), so that 336 parts of iron 
peroxidised represent 108 p.arts of nitric pentoxido as oxidising 
agent.* The quantity of iron peroxidised is determined by takiiig 
a known quantity of ferrous salt, oxidiang with a weighed sample 
of nitrate, and then (ilsi'erinining the residual ferrous iron bj 
titration with bichromate or pi'rmanganate of potassium solutioa 
The ditference Ijetweeu ttio ferrous iron taken and that found, givet 
the amount oxidized by the nitrate. The speed with which nitric ' 
oxide takes up oxygen from the air, and thus becomes capable o| 
oxidising more iron, rendeis some precautions necessary; feiTOUff- 
chloride should, therefore, be bsed, since it is eesier to exfiel 
nitric oxide (by Iwiling) from solutions of a chloride than it is ft'om 
those of a sulphate. The process is as follows:—Dissolve 2 grams 
of thin soft iron wire in 50 c.c. of hydrochloric acid in a flask pro¬ 
vided with an arrangement for maintaining an atmosphere of 
carbon dioxide. When the iron has dissolved, allow the ^lution 
to cool,* and add 0.5 gram of the nitrate. Heat gently f&r a few 
minutes, and then boil until the nitric oxide is expelled. An' 
atmosphere of carbon dioxide must be kept up. Dilute with 
water, and titrate the residual iron with .standard solution of bi¬ 
chromate of potassium. The standard “ bichromate ” is made by 
dissolving 17.5 grams of the salt (K,Cr,0,) in water, and diluting 
to I litre: 100 c.c. equal 2 grams of iron. Deduct the weight of 
iron found from the 2 grams originally taken, and multiply by . 
0.3214. This gives the weight of the pentoxido in the samplA .; 
In an example, 0.5 gram of nitre w.is taken, and 59.4 c.& of 
“bichromate” solution were requirod. The 59.4 o.c. thus,^^., 
are equivalent to 1.198 gram of iron, lliis leaves 0.822 gl^|Vi 4 Jb. 
the quantity eoridisod by the nitre, which, multiplied bj 
gives 0.264* f'”’ nitrogen penloxide, or 52.8 

.,1 . 

‘ * N,0, + 6FeO = 3 Fe, 0 , + aNa 
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GASOMETRIC METHOD. 

Tliia IS ttisej upon -tho ineiisurement of the nitric oxide evolved 
on shaking up a weighed qiuintity of the ni', ite with sulphuric 
acid^ovor mercury in a nitrometer. Each c.c. of nitric oxide 
obtained^ when reduced to normal temperature and pressure, is 
equivalent to;— 

0.627 miUigratu ot nitrogen. 

■• 3 n n of nitric oxide. 

2.41S „ of nitric pentoxide. 

I.S2.0 „ of nitric acid. 

3.H05 „ of .so<liiim nitrate. 

4.52.3 » of pola.«.sintti nitrate. 

^In workiitg on sulxstiinces not rich in nitrates, an ordinary 
nitrometer (fig. 69) is used^ but in the assay of sodium nitrate, 
nitroglycerine, itc., an instrument 
provided with a bulb having a 
capacity of 100 c.c. is employed. 

The plan of working is as fol¬ 
lows :—The “ measuring tube ” is 
filled with mereui'y until it reaches 
up into the tap, and the levelling- 
tube is placed so that it contains 
an inch or two of mercury. If 
the nitrate is in solution, 2 or 3 c. c. 
of the liquid (dilute liquids are 
brought to this bulk by evapora¬ 
tion) are me-asured into the cup. 

The levelling-tube is lowered a 
little, and the tap cautiously opened 
until all but the last drop of the 
liquid has run in. The cup is then 
rinsed tvith 2 or 3 c.c. of sulphuric 
acid, whichis run iuin the same way, 

. and the operation is repeated with j'lo. gg, 

another lot of acid. Hie measur¬ 
ing-tube is now token from the clamp, and shaken for two or 
three minutes, until no more gas is given ofI‘. It is replaced, 
and the mercury-level in the two tubes adjusted. Then it is 
allowed to stand until the'froth has subsided, and the gitS has 
cooled to the temperature of the room. The volume oi the 
gas is then read oflf. In adjusting the level, account musi* be 
taken of l^e sulphrioi aeij in the measiuing-tuhe; this is 
a^wnd for by having the mercury higher in the et£er tube by, 
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Bay, 1 mm. for each -3.5 mm. ol sulphuric acia, or it is countmv 
poised by an equal height of sulphuric add in the leivel 
Ung-tube, in which case the two mercury-levels are mad4, to^, 
correspond. On opening the tap after reading off the volume, ; 
there should he no change in the level of the mercuiy. If it 
should rise or fall a little, a slight inciease or decrease (say o.l o.o.) ■ 
is made to the volume previously road off. ' _ 

In working with nitrate of soda, &o., in the hulh mtrometer, it 
is necessary to take a quantity of the substant® which wiH jie^ 
more than loo and less than 150 cx. of the gas. 
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CHAPTEE XVm. 

SlIiICON, CARBON, BORON. 

SILICON AND SILICATES. 

Is assaying, more esi^cially products direct from the mine, there 
is always found, when the rock is sfficeous, a quantity of wtoto 
sandy-lLking substance, insoluble m atida, which is ^eto^ 
•accompanied by a light gelatinous “^terml very diffic^t to 

filter. This is variously described as “insoluble, ®nd, m- 

soluble smcates," “gangue,” or from thfroSk 

pure quarts; but oftener it is mixed with silicates from 
Mntsuiing the mineral. Some silicates, but not many, are com 
• pletely decomposed by boiling with hydrochloric acid or ^ua 
il^ini and others axe partly so, they yield a gelatinous 
of silica which greatly interferes with the ffltermg. 1* “ 
common practice with assayers to carry the firet 
sample with acids to dryness, and to tike up with a fresh portion 
of acid. By this menus the separated silica becomes g^nulM 
and insoluble, and capable of being filtered off and washed with 

*^This r^idue may be ignited and weighed; ^ reported as 

so tench per cent, of “silica and silicate insoluble ii* acids. 
Unless spe^y wanted, a determination of its constituente nwd 
not he mSeT^ When required, the analysis m best made on the ^ 
^ited residue, and separately reported as analysis of the m- 

*°sSM^*oidy occurs in nature in the oxidised st^e ; but the 
,oxide genoraUy known as siUca (BiO,) “common, teng repre- 
Bunted by tbe abundant inineiils““quartz, fimt, ke. Sili^ 
etenbined with alumina, lime, oxide of iron, magnesia and ‘hp 
alkaliee, forms a large number of rock-forming minerals. Most 
r^cbmasses, other than limestones, contain over 50 per “ 
,gili<^ The following .are analyse! of some of the 
.gfiiijates.; but it must be noted that these minerals often shc^ 
igreiit variation in oomposimon. This is more especiallf true oi« 
schorl, hornblende and augite. 
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Biltcon, from a chemical point of view, is an TnteSfesting 
It combines with iron to form a silicide; and is present in this 
condition in dhst iron. Oiily in the case of the analysis of ttiis 
iin(^similar substances is the assayer called on to report the per- 
ceiuMge ofrfiiicon. t-jlioon is readily convei’ted into silica by the 
actiuo of oxidizing agents. Silica forms only one series of aalts- — 
the silicates—which have in m.iny cjises a c( i .j>lox constitution ; 
thus there are a large number of double .siiiiaites, which vary 
among themselves, not only in the iclation of base to acid (which 
is the essential difVerence), but also in the ratio of the bases between 
themselves (which vaiies with almost evciy specimen). 

Silica is detected by heating the substance with a fluoride and 
sulphuric acid in a platinuui-cruclblo. On holding a rod, moistened 
with a drop of water, over the escaping fumes, the white Crust of 
silica formed on the drop of wafer shows its pi-csonca The 
insolubility of a fragment of the mineral in a bead of micro- 
COjmic salt, is also a very good test; the fi agment, on prolonged 
heating, does not lose its anguhtr form. 

There is no dry assay for this put)stance, nor vol uiuetric method; 
when the determination is required, it is carried out gravi- 
metrically and, gencially, by the following plan. 

If the sample contains oxides, sulpliidcs, &c., in any quantity, 
these are first di.ssolvod out by treatment with acid, evaporated to 
dryness, taken up with hydrochloric, acid, and filtered. The 
di^ residue is treated in the siune w'ay as the silicates. Some 
silicates are completely decomposed by such treatment; but it 
■Ba,ves time (unless one is sure that no undecompo.solile silicate is 
present) to treat the.se in the same way as the others. On the 
other hand, there are some silicates wliich ore only attacked with 
difiiculty even by fusion with alkaline carbonates; coin, qucntly, 
it is always well to have the substance reduced to the fines); state 
of division by careful powdering, as this greatly assists the sub¬ 
sequent action. With very bird silicates, the grinding away of 
the mortar in this operation will be perceptible; the foreign 
matter thus introduced must not be ignored. Previously igniting 
the substance sometimes assists the powdering; but it is l)est to 
use a steel mortar. The particles of steel can be removed by a 
magnet, or, where the nature of the substance will allow it, by 
boifing with a little dilute hydrochloric! acid. 

The dried and powdered material is intimately mixed with four 
times its weight of “ fusion mixture ” in a platinum-crucible esr 
dish. It is then moderately heated ejver a Bunsen burner, and 
afterwards more strongl/ fused over a blast, or enclosed in a clay 
crucible in the wind-fnmace. The action is continued until the 
fused tnass is perfectly tranquil With very refractory Bubsty.nces, 
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(^eNtotion i^ost be long continued at a high tem^aratun. ^liea 
Bufficiently cold, the crucjble is examined to se^ that no particles 
of foreign matter aVe adhering to its outer surfaod. It is then 
transferred to a five- or six-inch ovaporating-dish, where its con¬ 
tents are acted upon with warm water for some time. The “ melt * 
will slowly dissolve, but the solutiou should ho hastened by keejping 
the liquid moderately acid wilh hydrfxihloric add. 'V^en the 
“ melt ’’ has dissolved, clean and remove the platinum-dish; and 
evaporate the solution to a paste. Continue the evaporation to 
dryness on a water-bath (not on the hot plate), and whilst drying 
stir with a glass rod, foelmg at the bottom of the dish for any un- 
fused particles, which, if present, can be detected by their giitti- 
ness. If there is much grit, it wiQ be necessary to repieat the 
assay; but with a small quantity it wilt only be necessary to re¬ 
fuse the grit and silica after ignition. 

During solution of the “ melt ” and evaporation (which may be 
carried on together), a clear solution will not be obtainodi V 
fiocculent silica will-^ separate out, and towards the end of the 
evaporation the mass will get gelatinous. The drying of the 
jelly must be finished the water-bai.h ; first, because at this 
temperature the siHca M rendered insoluble in hydrochloric aoid, 
whilst the solubility of the alumina, iron, (fee., fa unafl’eofed, which 
would not be the caseat a much higher temperature; and second, 
Because the gelatinous residue requires very cautious drying to 
prevent loss from spirting. 

When dry, the substance is moistened, and heated -with stsrong 
hydrochloric acid, and the sides of the dish are washed down with 
water. The silica fa washed by decantation two or three times 
with hydrochloric acid and hot water, before being thrown on to 
the filtw. The filtrate fa again evaporated to dr3mes8, taken up 
with t little hydrochloric acid and water and again filtered 
The residue on the filter fa silica. The two lots of silica are 
washed free from chlorides with hot water, dried on an aiis' 
bath, transferred to a platinum-cnicible, ignited gently at firti, 
at last strongly over the blast or in a muffle, cooled in a desidoato, 
and weighed. . 

Thh white powdery precipitate is silica (SiO,), and its weiglttf 
multiplied by loo, and divided by the weight of ore taken, 'gtw 
the percentage of silica in the sample. Where the pereentg^M 
silicon is wanted, which is very rarely the case, it is got by 
plying tliis result by 0.4667. It fa always neoe.ssary to -ex^oa&J 
the purity of the body weighed as filioa. This fa done 
f ueing the material weighed, and re-determining the siUda. 
or, better, by mixing a weighed portion in a {datmum-disB l"'*" 
Uttleitrong sulphuric acid, covering with J<ydrqflaoiiD, i 
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evirating. \ii the latter case, the silica wilT be oonveft'tejl iSto 
fluoride, jirbich will be driven oflf, and the impurities will be left 
behind "as sulphates of bavinra, phosphate and oxide of tin, 
titanium, i'c. This must be weighed and deducted from the 
wf lght o> the silica. In a complete examination of a silicate it 
should be treated with the precipitate containing alumina, feiTic 
oxide, ka. 


EXAMINATION OP SILICATES. 

The student interested in the analysis of rocks and rock-forming 
minerals is advised to consult a valuable paper by Dr. W. P. 
Hillebrand in the Bvlktin of the United States Geohgical Survey, 
JUo. 148, to which I am very largely indebted in the revision of 
the following pages. 

, Moisture.—Pive grams of the po^.dered sample is dried 
between watch-gbasos in the water-oven for two hours, or till its 
weight is constant; and the loss is reported as water lost at 
100° 0 . The rest of the determinations are made on this dried 
mineral. 

Combined Water, &o.—^Weigh up i gram of the substance, 
and ignite over the blowpipe for some time in a platinum-crucible, 
cool in a desiccator, and weigli. Becord the loss as “loss on 
ignition,” not as “ combined water.” 

SiUoa.—The ignition should have been performed in an oxidising 
atmosphere in a muffle or over a slanting blowpipe flame; this 
will ensure the oxidation of any pyrites or other sulphide 
present, which if unoxidisod would injure the crucible in the 
.next operation. The ignited residue is mixed jv, h 6 or 7 
grams of anhydrous sodium carbonate. This reagent should be 
the purest obtainable, but its purity should be checked, 9 r rather 
its impurities should be determined by running a “ check ” or 
••blank” assay with 10 grams of it through the stages of the 
analysis; the impurities will be chiefly silica, alumina and lime, . 
and altogether they ought not to exceed i milligram. The 
crucible with the mixture is heated at fiist gently over a Bunsen 
and afterwards more strongly in an oxidising atmosphere in a muffle 
mr over the blowpipe. The fused mass is allowed to cool in the 
. crucible, and is then dissolved out in a basin with water and a' 
ai&ll excess of hydrochloric acid. After the removal and cleaning 
of the fflmcible, the liquor is evaporated almost to dryness. Dr. 
Hillebrand advises 8tcq)ping short of complete drymess. The 
res^lie is taken up with a little hydrochloric acid and \{ater and, 
filterad and washed. The liquor, including the washings, U aga^ - 
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anJ taken up with water and a little acid. tTsuiilly' 
about I per cent, of silica will be thus recovered. It is to be 
filtered off and washed and added to the main silica. The 
filtrate is reserved. The silica, thoroughly washed, is dried ^d‘ 
ignited at a high temperature for twenty or thirty misutes. ^t 
is then weigheii in a platinum crucible. After weighing it is 
treated wil-h hydrofluoric acid and a little sulphuric, carefully 
evaporated and ignited strongly. The rasiduc, which in extreme 
cases m.oy amount to 2 or 3 per cent, of the rock, is weighed and 
deducted frmi the weight of the impure silica. It is retained in 
the crucible. 

Alumina, &o.—The filtriite from silica is treated by the 
basic acelate method. That is, it is ci U. tr«d-d by a cautioua 
addition of a solution of soda, almost Ti> tin pch t of producing 
a precipitate, hi order lo neutralise tl.i e.vcc.ss of acid; 2 or 
3 ginm.s I f sodium acetate i.iv added, an 1 the vvl i.le boiled for a 
mimite or so. The preci|iioit,i is filtiui i off and Willied onW* 
slighlly. biive the iiitnitc, Tlie prieiiiit.'dc is dissolved in 
hydri.chloric, or, peiha. 5' .• h r, in nitiie acid ; ai^s reprecipi- 
tated by adding an excess .'f ammonia and iioMint^The preoipi* 
tate is filtered and washoj wgii water emuwvfm'x pe” cenlu^ilf 
f ammonium nitrate. Jloth filtrates ero evap^ljpbd separat^yr to 
a small bulk, •' drop or two of a umoniiadfewng ndded.*to the 
jecond towards the finish. They’ are filtered into a 6 
or 8-onnce fl.ask through a small f^i-, the second filtrate 
coming after, and serving in a number as wash water for the 
first.*. The two washed al umina precipitates are dried and placed 
in the platinum crucible containing the residue from silica after 
treatment with hydrofluoric acid.' They are then ignited in an 
oxidising atmosphere at a high tcmjjcraturofor about 10 minutes. 
The weight, including that of the residue from the silica, is noted 
as that of “alumina, ikc.” 

The weighed oxides^ ore next fused with bisnlphate of potash 
tor some hours. The bisulphate should have been first fused, 
apart, until the effervescence from the escape of steam has 
stopp^ The melt is dissolved out with cold water and dilute 
sulphuric acid, and any insoluble residue is filtered 
ignited and weighed. The filtrate is reserved for deterufihaticfiis 
of iron and titanium. The residue, after wrighing, may be treated 

* If the dishes show a manganese stain, wash them out with a feW drops 
of hydrochloric and sulphurous^acids. Pass the acid liquor through ^ 
same small filter bnt collect the liquor apart, iiluke ammoniac^ a&d 
pass through the filter* this time cullcctiug the liquid with raidtf' 
Bltrste. " ' ,'1 
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(nth hydrofluoric and sulphuric acids for any silica,* wmcti wouia 
be determfticd by loss. It may be tested for barium sulplxate by 
treatment with hot strong sulphuric acid; in which tliis salt 
dissolves, hut is again insoluble (and so, comes" out as a white 
precipitate) on diluting with cold water; the acid also must be 
cold before adding the water. The filtrate containing the iron 
is reduced with sulphuretted hydrogen, boiled till free from that 
gas, filtered and titrated with a standard solution of perman¬ 
ganate of potiissium. The ii-ori found is calculated to ferric oxide 
hy dividing by .7. The iron solution after titration serves for 
the determination of titanium oxide (TiO,). This .'s done colori- 
Saetrically, by idding peroxide of hydrogen free from hydrofhiorio 
acid, and comparing the brown co' jur produced with that pro¬ 
duced by the addition of a standu d solution of titanium to an 
equal volume of water contaiipn; sulphuric acid * Tlie alumina 
,i)j determined hy difference. I'.om the weight of tho combined 
precipitate which has been recorded as “Alumina, <fcc.,” deduct 
li) the residue, iusolnble, after fusion with hisnlphate; (2) the 
ferric oxide ; (3) the titanium oxide; and (4) the phosphoric oxide 
(P,0,), the amount of which is subsequently determined in a 
separate portion. This gives the alumina 

Manganous oxido, &o .—Tho filtrate from the “alumina, 
&o. ’ contained in a 6 or 8-ounco flask, which it nearly fills, is 
leade slightly alkaline with ammonia and treated with a small 
excess of ammonium sulphide; the flask is then corked and 
plaeed on one side for some time la day or an) so that the 
manganese suljihid may separate. The precipiliite is filtered off 
and w.ashed with water containing ammonium chloride and a few 
drops of ammonium sulphide. The filtrate is reservi d for lime, 
&c. The precipitate is digested with sulphuretted l;ydrogen 
water, to which one-fifth of its volume of strong hydrochloric 
acid has been added; this dissolves the sulphides of sine and 
manganese; any black residue should be tested for copper and 
perhaps nickel. Tho solution is evaporated to dryness, taken up 
with a little water and tresited with a small excess of solution 
of carbonate of soda. It is k-iled and again evaporated, washed 

* Th’is rarely aiuoants to more than i milligram. 

t To make this, dissolve 1 gram of titanium oxide fay fusing for some 
(imh with an excess of bisulphate of potash and dissolve out with cold 
water and snlphnrio acid. Dilute to i iifcre, having previously added not 
less than Jo 0.0. of strong sulphttric acid: i 0.0. will contain .01 gram o' 
HO- Ifor tho assay take 10 o.c. of this, add 2 o.c. of peroxide of hydrogen 
and dilute to 100 c.c. Uun thh from a burette into the Saaksuntil the 
'Colour equals that of the assay. Nach o.c. equals 1 milligram of TiO,. 
.Vlotwides must be absent * 
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out'ffith bot water and iutered oa to a small tuteir/ ariea, ignttedi'; 
and weighed as It is calculated to MaOl' It islirf j; 

eontain, and should be tested for oxide of zinc, which, if 
most be deducted. If the dish be.Kimes stained dui'ing.eva{)Dftir‘^ 
tion, take up with a few drops of hydrochloric and sulphurous 
adds, evaporate, and then treat with carbonate of soda. 

Idine, &0.—The filtrate from the manganase sulphide is 
boiled, and without cioling, treated with ammonium oxalate in 
solution, which also should be heated to boiling. The liquid 
is filtered off and reserved for magnesia. The precipitate is 
dissolved in very little hydrochloric acid aiil repreoipitated by 
adding ammonium oxaUte and ammonia to the boiling solutdon. 
The filtrate and washings from this are reserved for magnesia. • 
The precipitate is either dissolved in dilute sulphuric and titrated 
with permanganate of potash as dosoribed under Lime (p. 32s); 
or it is' ignit^ and weighed as oxide. In this last case it may 
examined for haiduifi and strontium, the former of which wffl 
rarely be present. 

Hagnesia.—^The filtjtlte from the first lime precipitate is 
treated with sodium phoi^phate and ammonia, and allowed to 
stand overnight. It is then filtered. The precipitate is* dissolved 
in hydrochloric acid; the solution is filtered into the beaker con¬ 
taining the solution from the second lime precipitate. Ammonia 
and sodium phosphate are again added, and the precipitate, after 
standing, is ffltered off, washed with water^containing ammonia;' 
it is then dried, ignited and weighed as magnesium pyiophosphiite. 
This is calculated into magnesia. 

■Fotash and Soda.—Weigh out .5 gram of the dried ore, ' 
and mix with an equal quantity of ammonic chloiide; and to 
the mir^ure add gradually 4 gmms of calcium carbonate (“ pre-' 
sipitated”). Introduce into a platinum-crucible and cover loosely. ‘ 
Heat, at first, gently; and then at a read heat for from forty ,W 
sixty minutes. Transfer to a porcelain dish, and digest with 60 
3 r 80 C.O. of water; warm and filter: to the filtrate add ammonic. 
sarbonate and ammonia, and filter; evaporate the filtrate to 
Iryness, adding a few drops more of amnionic carbonate towan|t. 
fise end; when dry, heat gently, and then raise the temperatuitj 
so a little below redness. Dissolve in a small quantity of waWf^ 
sdd a drop of ammonic carbonate, and filter through a small‘|p}1i^ 
nto a weighed platinum dish. Evajxsiute, ignite gen^sJ^I 
yeigh. The residue contairb the soda and nnSnsh of eh* 

IS chlorides. 

To determine the proportion of potassium, dissolve tbU'reii^PII 
add platinum chloride in excen, Wapoltls. 



McliKct dcohol, decant through a small weigh8(!^ffltw, T' 
alcohol, and dry at ioo° 0 . ^eigh. The substance' 
» jiotaMum platinic chloride ^cKCI.PtOlj). Its weight, multiplied 
llijpo.1941, wiU give the weight of potash (K,0). 

; To find the proportion of soda, multiply the weight of the 
potassium platipic chloride by 0.306; this gives the weight of 
potassium chloride. Deduct this from the weight of the mixed 
chlorides first got; the difference will be the sodium chloride, 
which weight, multiplied by 0.53, will give the weight of soda 
(Na,0). 

Perrons Oxide.—^When a qualitative test shows both ferric 
and ferrous oxide to be present, the proportion of the ferrous 
oxide must be separately determined. The finely ground mineral 
mixed with dilute sulphuric acid is treated on a water bath with 
hydrofluoric acid. Solution is best effected in an atmosphere of 
,mbonic acid. In about an hour the dev umpositlon is complete, 
and the solution is diluted with cold water, and titrated with the 
solution of bichromate or of puiwanganate of potassium. The 
iron found is multiplied by 1.286, and reported as ferrous oxide. 
To find the proportion of ferric oxide, the ferrous iron found is 
multiplied by 1.428, and this is deducted from the weight of 
ferric oxide obtained by precipitation with ammonia. Tbe 
ammonia precipitate conWns the whole of the iron as ferric 
oxide; hence the necessity for calculating the forious oxide as 
ferric, and deducting it. 

Phosphoric Oxide (P, 0 ,).—Weigh up 5 grams of the finely- 
divided and dry sample, and digest with 10 or 20 c.c. of nitric 
acid; evaporate to dryness on tbe watei^bath; take up with 
little dilute nitiic acid; dilute with water; and filter. Add a few 
grams of ammonic nitrate and 10 c.c. of ammonium molybdate 
solution, heat nearly to boiling, and allow to settle; filtePoff, and 
wash the yellow precipitate. Dissolve with dilute ammonia, add 
“ magnesia mixture," and allow to stand overnight. Filter, wash 
■with dilute ammonia, dry, ignite, and weigh as pyrophosphate of 
tnagnesia. The weight, multipli^ by 0A396, gives the weight of 
'Iphosphoric oxide. 

Soluble Silica.—Some silicates are acted on by hydrochloric 
|oid, and leave on evaporation a residue; which, when the soluble 
haye been washed out, consists geuei-ally of the separated 
‘iwa with perhaps quartz and unattacked silicates. It should be, 
jg^ted, weighed and boiled with a* solution containing less than 
ib per cent, of cau-stioasoda: this dissolves the seprated silica, 
liquolr is diluted, rendered faintly acid, and filtered. The reeidue 
/is wa^d, ignited and weighed. The loss gives the soluble silica,' 
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Esdination of Silica in Slags (Ferrous silicates).—rnjte i 
gram of the powdered^slog, treat with aqua reg'ia, evaporate to 
dryness, extraiit with hydrochloric 'acid, filter, dry, ignite, and , 
fuse the ignited residue with “ fusion mixture," then sefi^riite a«^ 
weigh the silica in the usual way. Slags are for the most part 
iecompo.sed hy boiling with aqua regia, but it will bo found more 
convenient and accurate to first extract wilh acids and then to 
treat the residue as an insoluble silicate. 

Estimation of “Silica and Insoluble Silicates” in an 
Ore.—Take 2 grams of the powdered mineral, evaporate with 
nitric acid (if Bul|diides are present), treat the dried residue (or 
the original substance if sulphides are ab-senl.) with 10 or 20 c.c. 
of hydrochloric acid ; again evaporate to dryness, take up with 
dilute hydiwhloric acid, filter, wash, ignite, and weigh. 

Estimation of Silicon in Iron.-- Vlace 2 gi-ams of the metal 
(borings or filings) in a four-inch evaporating dish, and dissolve,^ 
(with aid of heat) in 25 c.c. of dilute nitric acid. Evaporate t 5 
complete dryness, take up with 20 c.c. of hydrochloric acid, and 
allow to digest for one hour. Eoil down to a small hulk, dilute 
with a 5 pur cent, aolutiftii of hydrochloric acid, boil, and filter. 
Wash with .acid and watej, dry, ignite iu a jilatinum crncihlc. and 
weigh the SiO,. This, multipUed by 0.4673, gives the weight of 
the silicon. The percentage is ealcuiated in the usual way. 

PRACTICAL EXERCISES. 

ft 

I. A certain rock is a mixture of 70 par coal, of quart?,, 25 per cent, of 
potash-felspar, and 5 per cent, of potash-mica. What per cent, of 

. silica will it contain ? 

a. Two grams of a mixture of silica and cassiterite left, after rednotien 
in hydrogen, 1.78 grams. Assnmitig all the oxide of tin to have 
)«en reduced, what will lie the pen-entage of silica ? 

3. The formula of a compound is aPeO.SiO,. What percentage of 

silica wiU it contain 1 

4. Two grams of a suniple of cast-iron pive 0.025 of siUca. Find 

the percentage of silicon in the metal. 

c. What weights of quartz and marble (CaOO,) would you take to make 
30 grams of a slag having the formula CaO. SiO,! 


CAEBON AND OAEBOHATES. 

Carbon compounds enter so largely into the structure‘bf 
oruouised bodies that their eijemistry is generally considered apart: 
from that of the other elements under the head of Orgm^ 
Ckmiatry. Carbon occurs, however, among minerals not only to; 
llie oxidised state (as carbonates), but alsointheelementaayfojtoj 
(as to.»dkaiond and graphite), and qpmbiiqed with hyi(Of(^»4' 
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oi^gen, be. (as in petroleums, bitumens, lignites, sliales, and^coals). 
In small • qnailtities “ organic matter ” Js widely diffused in 
minerals and rocks. In shales and clays it may amount to as 
i^’joh as 10 or 2t per cent, (mainly as bitiiminons and coaly 
matters). 

The assayer has only to take account c'' the orgatiii’ matte.' 
when it is of commercial importance, so jiat in ;tssays it is 
generally included under “ loss on ignition.” 

In coals, shales, lignites, &c., the carbon compounds are, on 
beating, split up into oils and similar compounds. The products 
of distillation may be classified .as ' -ater, gitS, tars, coke, and ash. 
The assay of those bodies generally iiisolves itself into a distilla¬ 
tion, and, in the case of the shales, an examination of the 
distillates for the useful oils, paralEn, creosote, &c., contained in 
them. 

Elementary carbon is found in nature .u three different forms, 

’ but these all re-act chemically in the same way. They combine 
with oxygen to form the dioxide,’* The weight of oxygen required 
to burn a given weight oi any form of carbon is the s.ame, and 
the resulting product from all three has the same characteristic 
•properties. Carbon dioxide is the common oxide of carbon. A 
lower oxide exists, but on burning it is converted into the dioujdc. 
Wherever the oxidation of carbon takes place, if there is suSicient 
oxygen, carbon dioxide (carhonic acid) is formed; this re-action 
is the one used for the determination of ciu’hon in liodias generally. 
Thp dioxide has acid properties, and cembines with lime and other 
bases forming a series of salts called ciU'bouates. 

. The oai-hon-oomj)ounds (other than carbonates, which vrill be 
subsequently con.sidered) occuning iu minerals an generally 
characterised by their .sparing solubility iu acids. TLo diamond 
is distinguished from other cryst.als by its hardness, InSItre, and, 
specific gravity. It may be subjected to a red heat without being 
apparently allected, but at a higher teuqieratnre it .slowly burns 
away. Graphite, also, burns slowly, but at a lower temjierature. 
The other bodies (coals, Bhale.s, .tc.) differ considerably among 
themselves in the temperature at which they commence to burn. 
Some, such as anthracite, burn with little or no flame, but most 
give off gases, which burn with a luminous flame. They deflagrate 
when sprinkled on fused nitre,' forming carbonate of potash. In 
mddng this test the student must romemhor Uiat sulphur and, in 
fact, afi oxidisable bodies similarly (Jpflagrate, but it is cnlyin the 
case of carbon compounds that carbonate of potash is formed. 
Carbon unites with iron and some of the metals to form carbides; 


0 + 0 , = CO, 
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combiLed fcarbon of this kind is detected by the odour of ihe efc- 
buretted hydrogen evolved when the metaJ is tredted with hydro^ 
chloric acid; for example, on dissolving steel in acid. . 

The natural carbon compounds, although, speaking jjenerol^, 
insoluble in hydrochloric or nitric acids, are more or less attackSl 
by aqua regia. The assayer seldom requires these compounds to 
be in solution. The presence of “ organic matter ” * interferes 
with most of the reactions wliich ore used for the determination 


of the metals. Consequently, in such cases, it should be rempved 
by calcination unless it is known that its presence will not interfere. 
When calcination is not admissible it may be destroyed by heating 
with strong sulphuric acid and bichromate or permanganate of 
potash or by fusion with nitre. 

Carbon may bo separated from other substances by conversion 
into carbon dioxide by burning. In most cases substances soluble 
in acids are first removed, and the insoluble residue dried, weighed, ^ 
and then calcined or burned in a current of air. The quantity of 
“organic matter” may be determined indirectly by the loss the 

substance undergoes, but it 
^ ^ bettor to determine thed 

I' ..— y <> organic carbon ”• by c<^|| 

fining the calcination 

Fio. 70, • tube, and collectuirf^Kd 

weighing the carb^^xide 
formed. Each gram of carbon dioxide is equivalent.'tb 0.2737 - 
gram of carbon. . ‘ > 

Inste-ad of a current of oxyger or air, oxide c# copper may 
be more conveniently used. 

oi)eration is as follows:—: 
Take a clean and diy piece of. 
Iff ]{ J combustion tube drawn out end 

\ j 'yp closed at one end, as shown in 

\ figure (fig. 70), and atot; 

eighteen inches ong. Fititwith' 
r —aperforatod cork connected with- 
\ a U-tube (containing freshly-,, 

— \ i ... - I- fused calcium chloride in ooars*? 

Pio. 71, grains) and a set of 

bulbs (fig. 71) (Mntdiranjt^ni; 
strong solution of ^taah), the exit of which lust is providiS 
asmtJl tube containing calcjum chloride or a stick of 
Both the U-tube and bulbs should haves- loop of-finew^'l^ 
which they may be suspended on the hook of the balance,^ 

.* For example, soluble orgamc aciiis formed bv partial 
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-iifideiice in wei»}ung. They must both be weighed W^re the 
eombnetion is commenced; to prevent absotption of moisture dur- 
iap weighing, &c., the ends are plugged with pieces of tube and 
red, 

»‘Fill the combustion tube to a depth of about eight inches with 
some copper oxide, which has been recently i nited and cooled in 
a cloee;vessel. Put in the weighed portion lor assay and a little 
fresh copper oxide, and mix in the tube by means of an iron wire 
shaped at the end after the manner" of a corkscrew. Put in some 
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more oxide of copper, and clean tho stirrer in it. Close loosely 
wi^ a plug of recently ignited asl)estos, place in the furnace, and 
connect tlie U-tuhe and bulbs in the way shown in the sketch 

(fig- ?*)• , , . ’ 

See that the joints are tight, and then commence the c< mbustion 
■hy lig hting the burners ueioest the U-tnhej make the fini thiee 
of four inches red-hot, and gi'aduaJly extend the heat backwards 
the length of the tube, but avoid too rapid a disengagement of gas. 
When gas ceases to come oil’, open the pointed end of the tube 
and dmw a current of dried air through the apparatus. 

Bie carbon dioxide is absorbed in the pota^ bulbs, and their 
iporease in weight multiplied 0.2727 gives the amount of <arbon 
^ ike substance taken. 

:^e increase in weight in the calcium chloride tube will be due 
io tbe water formed by the oxidation of the combined hydrogen. 
shja last is required the increase in weight multiplied by o.lli 
I its amount. 
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COAIA. 

The detenninatioc of the lu toal caihoQ in ooals aiid,shales»ji 
seldom called for; if reiinimi, it would be [lei'onned in the way 
just described.* Tho ordinary as.-iiiy of a sample of coal involves 
the following detcrmiuatioos—nioistuie, volatile matter, fixed 
carbon, ash, and sulphur. These are thus canied out:— 

Betermination of Moisture. - -Take 3 grams of the powdered 
aoniple and dry in a water-bath for an hour or so. The loss is 
reported as moisture. Coals carry fi-om i to 2 per cent. If the 
drying is carried too far, coalu gain a little in weight owing to 
oxidation, so that it is not advisable to extend it over more than 
one or two hours. 

Determination of Volatile Matter.--This dotermination is 
an approximate one, and it is only when working under the 
same conditions with regard to time, amount of coal taken, an'd 
degree of heat used, that concordant results can be arrived 4 t. 
It is a matter of import^ce whether the coal has been previously 
dried before heating or not, since a difl’erence of 2 jier cent, may 
be got by working on the dried or undiied sample. Take 2 grams 
of the powdered, but undried, sample of coal, place in a weighed 
platinum crucible, and support this over a good Bunsen burner 
by means of a thin platinum-wire triangle. The heat is continued 
until no further quantity of gas comes off and bums at the mouth. 
This takes only a few minutes. The cover is tightly fitted on,,and 
when cold the crucible is weighed. The loss in weight, after 
deducting the moisture, gives tho “volatile matter,” and;>M| 
residue consists of “ fixed carlwn ” and “ ash." 

Determination of Ash.—The coke produced in the las^||i|^era- 
tion is Curned out into a porcelain dish and ignited over a Bunsen 
burner till the residue is free from particles of carbon. Calcination 
is ha.stened by stirring with a platinum wire. The operation may 
be done in a muffle, but this gives results a few tenths of a per 
cent, too low. The dish is cooled in a dessicator, and weighed. 
The increase in weight gives the amount of “ ash,” and the dif¬ 
ference between this and the freight of the coke gives the “ fixeil 
carbon.” 

The assay is reported as follows- 

Moisture at 100“ C.— per cent. 

'folatile matter . < . , . — 

fiixed carbon . . . , » . — „ 

Asli .— w' 

contains sulphur — per cent. 

* For coals, and othei bodies oontainiilg anfpbuT, ohtomate 
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Detei^naticn:^ of -Siilphur.—^The sulphur exists in th*e coal 
parti^ in urganil! combination, partly as metallic sulphide (iron 
pyrit^, marcasite, &a.), and, perhaps, as sulphate. So that the 
s\j^hur determination must be separately reported, since a 
portion will go off with the vobitile matter, ani the remainder 
would be retained and weighed with the coke. 

Tlie sulphur is thus determined:—Take i gram of the coal and 
mu with 1.5 gram of a mixture of 2 parts of laleined magnesia and 
I jMirt of carbonate of soda, and heat in a platinuni crucible for 
one hour or until oxidation is complete. Tmn out the mass and 
extract it with w.ater and bromine, filler, acidulate with hydro¬ 
chloric acid, boil ofl" the bromine, and precipitate with baric 
chloride (estimating gravimetrically as given under Svlphv/r). 
Another method is a.s follows:—Take i gram of the coal and 
drop it gradually from a sheet of note p,aper on to 5 grams of 
■ fused nitre confciined in a platimun dhsh. Extract with water, 
^dify with acetic acid, and estimate volumetrically ns described 
under Sulphur. 

Calorific Effect of Coals.—The heat-giving v.alue of a coal 
is best expressed in the number of pounds of water, previously 
Halted to the boiling point, which it will convert into steam. 
This is generally termed its evaporative- 
power. It may be determined by means of 
the calorimeter (fig. 73). This consists of a 
gbiss cylinder marked to hold 29.010 grains 
of v^ter. The instnimeut consists of a per¬ 
forated copper stand, provided with a socket 
and throe springs. The socket holds a 
copper cylinder which is cliarged with 30 
grains of the dried coal mixed with 300 
grains of a mixture of 3 parts of pota-ssium 
chlorate and i part of nitre. The chai gc is 
well packed in the cylinder and provided 
with a small fuse of cotton saturated with 
nitre. lill the glass cylinder to its mark Fia. 73. 

with water and take the temperature with a 
thermometer mai'ked in degrees Fahrenheit. Ignite the fuse and 
immediately cover with the outer copper cylinder (extinguisher- 
fashion), which will be held in its place by the springs. The 
stopcock should be closed before this is done. Place the appa¬ 
ratus quickly in the cylinder of waion When the action is over 
open the stop-cock and agitato the water by raising and lowering 
the instrument a few’ times. Again take the temperaturq. The 

diould be nsed instead of oxide oi copper; and the tamperatoie should be 
UmitecLto dull redness. 
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rise in tempomoro, plus ib per cent, for the best used m warmdt^ 
*' the apparatus and lost^by radiation, gives the evaporatiTe-power. 
The following is an example:— 

Temperature before experiment . . 67.0'JF. 


Temperature after „ 

• 79 '°' » 

Bise . . 

. 12.0* 

+ ^jth 

. I.*-,. 

Gives 

• > 3 - 2 ' » 


One pound of the coal will evaporate 13.8 pounds of water. 


SHALES, ETC. 

The assay of these is carried out in the same way as that of, 
coals, but the volatile matters are aejmrately examined, and, in 
consequence, a larger quantity of material must be used. For tlie 
moisture, volatile matter, fixed carbon and ash, the determinations 
are the same, but a spqikih! distillation must be made to pbtaiu a 
sulHcient quantity of the volatile products for subsequent exami¬ 
nation.' Take 500 or 1000 grams of the well-sampled and 
powdered shale, and introduce into a cast-iron retort as shown in 
fig. 74. Lute the joint with fire-clay, place the cover On, and 



bolt it down. The bolts should have a covering of fife-olaj' tjj; 
protect them from the action of tlie fire. Place the retort in,lt. 
wind furnace, supporting it on a brick, and pack well around wit^ ' 
coke. Build up the furnace around and over the retort-wit^^ 
loose fire-bricks, and heat gradually. '‘i 

As soon as water begins to drip, the tube of the retort is oool^ - 
by wrapp^g a wet cloth around it, and keeping wet with ws&l 
The water is kept from running into the receiver by a 
damp fire-clay. A quantity of gas first comes over 
lost, afterwards water and oily matters.. The retort mmrt Ml 
hot at ,the close of the distillation, and when nothing ,'i 
. off, which occurs in about two or three hours, ^ 

. .t«^ved,*and the tube heated with a Btnsan 
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foimrd the m&iiar condeased :n it into the Reiver, and thas to 
clean the tfi 1 )e. It can be seen when the thbe ia clean by looking 
up throQgh it into tho red-hot retort. The receiver is then 
p»Sioved,«and the retort, taken from the furnace, is allowed to 
cooL When cold it is opened, and the fixed cai'bon and ash 
weighed, as a check on the smaller assay. 

The distillate of water and oil is warmed, and will separate into 
two layers, the upper one of which is oil, and the lower water. 
These are uieasu^, and if the specific gravity of the oil is taken, 
its weight may be calculated. If the two liquids 
do not separate well, the water may be filtered off, 
after cooling, through a damped filter. The sepa¬ 
ration is, however, best efiected in a separator 
(fig. 75). The liquids are poured into this, allowed 
to settle, and tho lower layer' drained rff. The 
wplume of the water is measured and its weight 
calculated in per cents, on th« amount of shale 
taken. 

Exaaninotion of the Oil.—A sufficient quantity 
of the oil must be got, so that if one distillation dues 
not yield enough, the requisite quantity must be ob¬ 
tained by making two or more distillations. The 
oils are mixed, and tho mixture, after having had 
its volume and specific gravity ascertained, is 
placed in a copper retort, and re-distilled with the Fro. 75. 
Vd hf a current of steam. The residue in the 
retort is coke. 

The distillate is sepsu-ated from the water by mea-'s of thd 
separator, and shaken for ten minutes with one-twent'rth of its 
bulk of sillphuric acid (sp. g. 1.70). The temperature should 
not be allowed to rise above 40°. Allow to stand, and run off the 
^^acid tar." 

' ' Ihe. oil is now shaken up with from 10 c.c. to 20 c.c. of sodio 
kydrate solution (sp. g. 1.3), allowed to stand, warmed for half-an- 
irour, and the “ soda-tar” run off. 

On mixing this soda-tar with dilute acid, the “ crude shale oil 
oieofiote ” separates, and is measured off. 

. ,^lbe purified oil is next redistilled in fractions, which come 
oiter^in' the following order:—“ Naphtha,” “ light oiljl^ “ heavy 
^il,” and “ still bottoms.” For the first product, which is only 
Agnn certain shales, the receiver is![shanged when the distillate 
:niidA specifio gravity of o.|S. For the second product the process 
'ft-«n^ued till a drop of the distillate, caught as it falls frfim the 
the retort on a cold spatula, shows signs of solidifying. 
.i|^,w:*Wtide light oiT’ • 
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The receiver is changed, and the “heavy’oil’’ cpmos over; 
towards the end a thick brown or yellow viscid product is got. 
The receiver is again changed, and the distillation canied to ' 
ness. * * 

The “crude light oil” is washed cold with 2 percent, of sulphurio 
acid (concentrated), and afterwaids with excess of soda. Thus 
purified it is again distilled to diyncss, throe fractions being col¬ 
lected as before. Naphtha, which is added to the main portion, 
and measured; “ light oil,” which is also measured; and “ heavy 
oil,” which is added to that got in the first distillation. This laA 
is poured into a fiat-bottom capsule, and allowed to cool slowly. 
The temperature may with advantage be canied below freezing- 
point. The cooled cake is pressed between folds of linen, and the 
pataffin scale detached and weighed. 

The results may l)e reported thus:— 

Naphtha, sp. g.. , . , . — 

Light oil, sp. g..— 

Heavy oil, sp. g. , . . . — 

Faraffin scan . — 

Coke, S-o.— 

The results are calculated in per cents, on the oil taken. Some 
workers take their fractions at eaedi rise of 50° 0 . The composi¬ 
tion of average shale, as given by Mills, is as follows:—Speoififl 
gravity, 1.877 i moisture, 2.54. 

Chis. 

Volatile matter, water, ammonia 

Oil. 

Pixed carbon .... 

Ash. 


The ash is made up of silica, 55.6; ferric oxide, 12.2; alumins^ 
22.14 > Ihne, 1.5; sulphur, 0.9; soluble salts (containing 0.92 per 
cent, sulphurio oxide), 8.3. 

Total sulphur in shale , . 1.8 per cent. 

„ „ in ash . . 1.3 „ 

For farther information on these aasays, and for the assay of 
petroleums, bitumens, Ac., the student is referred to AJteip’si 
“ Commercial Organic Aniilysis,” Vol. II. , > , 

Betermination of Organic Oaxbou in a IiimeMone.— 

I or £ grams and dissolve with a very sb'ght excess of 
hydrpcbjMo acid, evaporate to dryness, and determine the 
in the reeidoe by combustion with copper'^azide. 


23-53 

12.69 

63-74 

99.96 






CARBON AND CARBONATES. ’ ' ? 

Estimation of Carbon in a Sample of Qraphite (filack- 
lead).—\^igli Oip 1 or 2 grama in a diili and calcine in tbf 
muffle till the carhon ia burnt off. Weigh the residue, and calcu- 
latg the carbon by I’i Terence. 

'Deterihination of Carbon in Iron.—The carbon exists in 


two states—^free (graphite) and conibmed. ’''be following prooesa 
estimates the total carbon :—The carbon exisung as giaphite may 
lie separately estimated in another portion by the sanie process, but 
uang hydrochloric acid to dissolve the iron instead of the copper 
solution :—Weigh up 2 gram.s of the iron (or a larger quantity if 
very poor in carbon), and attack it with 30 grams of ammonic-cupric 
chloride* dissolved in 100 c.c. of water. Let the reaction proreed 
for a quartor-of-an-hour, and then warm until the copper is dis¬ 
solved. Allow to settle, and filter through a filtering-tube. This 
is a piece of combustion tube drawn out and narrowed at one end, 
as shown in fig. 76. The naiTow part is '.docked with a pea of 
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baked clay, and on this is placed half-an-inch of silica sand (pre¬ 
viously calcined to remove organic matter), then a small plug of 
asbestos, and then a quarter-of-an-inch of sand. The tube is con¬ 
nected with a pump working at a gentle pressure, and the solution 
is filtered through the tube with the aid of a small funnel (fig. 77). 
The Vesidue is washed, first with dilute hydrochloric acid, and 



Ste. 77. » Fib. 7 *. 

then with distilled water. Ti; tube is dried by aspirating air 
throMh it, and gently warming ^ 'th a Bunsen burner. The tube 
is placed in a small combust^ ^q^ace, and connected with 
oalahtm chloride and potash bulbs', ' shown in fig. 78. The 

• This may be prepared by dissolving 534 grams of ammonium eUoride 
aad 854 grams of oiystaUis^ pupiic ohltmda (0ttClr2H,0) in h<^. water 
and crystallising. * 
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potasS bulb to the right of the figure must be weighed. A Aw 
stream of air is dra^ through the apparafuK, ap^ the heat 
gradually raised; in from thirty minutes to one hour the combus' 
tion will be complete. The potash bulbs are then disconne(^^ 
and weighed, and the increase m dtiplied by o.27z7*gires the 
weight of car^n. 

CAEBONATES. 

Carbon dioxide, which is formed by tue complete oxidation of 
carbon, is a gas with a sweetish odour and taste, having a strong 
■ affinity for alkalies, uud forming a series of compounds termed 
carbonates. The gas itself occurs in nature, and is sometimes met 
wi th in quantity in raining. The carla)natc.s occur largely in nature, 
forming mountain masses of limestone, &c. Carbonates of many 
of the metals, such as carbonate of load (cermsslto), carbonate of 
iron (cbalybite), carbonates of rapper (malachite and chessylitf); 
and carbomite of magnesia (magnesite), are common. 

All he carbonates (ftose of the alkiJies and alkaline earths 
excepted) are complete^ derajmposed on ignition into th^oxide of 
the metal and carbon dioxide; but the temperature required for 
this decomposition varies noth the nature of the base. All oslu 
bonates are soluble with cffeiTesceuce in dilute acids; some, such 
as cbalybite and magnesite, require the aid of heat. The alkaline 
carbonates are soluble in water; the rest, with the exception of 
the bicarbonates, are insoluble therein. 

Carbonates are recognised by *hcir effervescence with acids—a 
stream of bubbles of gas are given off which collect in the tube, 
and possess the property of extinguishing a lighted match. Hie 
mrat characteristic test for the gas is a white precipitate, which is 
produfced by pas.smg it into lime or baryta-water, or into a rain- 
tion of subacetate of lead. ' • ‘ - 

The expulsion of carbon dioxide by the stronger adds serves Ut 
the separation of this body from the other acids and bases. ■ 

Dry Assay.—There is no dry assay in use. Any method 
which may be adopted will necessarily be applioableonly to special 
oompounds. 


WET METHODS. 

There are several mothqjls in use which les 
either in speed or accuracy. We will give (x) a gravirt 
method in which the estimatimi may be made dirAly% 
the carbonic add, or, indirectly, by estimating ^e osrtmV.jK 
^ frdlb tim loss i (») a volumetric one, by yrhicb sii'indbwC;^ 



is loaxio and (3) a gasometirc alNliipdjlii'’ 

jri|ieh the Yojun^'of oarbon dioxide pven off is mealed,-and ii#; 
y^ht dgducted. ' ■ ■ * 

;*■. Direct Qravimetrio Method.—Hfc up the apparatus shown 
iir%e diagram (lig. 79). The various tubes are supported by a 



Fio. 79, 


fixed rod with nails and wire lo 'ps, and connected by short lengths 
of rubbar-tubing. The first tube contains soda-lime. The small 
flask is fitted with a rubbei--stopper perforated with two holes, 
through one of which peases the tube of a pipette holding 25 or 
36 C.C, Tins pipette is to contain 
the acid. Tlie substance to be 
determined is v^eighed out into the 
flask. The second tube contains 
Strpag sulphuric acid; the third, 
pjimice stone, saturated with copper 
sulphate solution, and dried until 
nearly white (at 200° 0.); the 
fourth contains recently fused cal- ^ 

rium chloride; and tlie fifth, which Fio 80. 

is the weighed tube in which the 

carbonic acid, is absorbed, contains calcium chloride and soda-lime,* 



as shown in fig. 80. The sixth also contains calcium chloride and 
Soda-liSke; its object is to prevent the access of moisture and cor- 
libcic acid to the weighed tube from this direction; it is connected 
an aspirator. 

i, living weighed the U-tubn and got the apparatus in order, 
up ti 2, or ^ grams of the substonce and place in the flask. 
i^fSnlbSj)ipette with dilute add, close the clamp, and cork Jthe 
..Then see that the apparatus ds tight. Open the clamp 

■'Seda-Bme fa made by disudving 100 grams of “ soda” in water, and oaxe- 
grams of lime wi h it. Evaporate to dryness in‘an iron 
I^VMtrgitlte at alow r^d Iftat m a craoible. Use the small lumpi. 
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"aSl alloV? froLi 10 to 20 c.c. of the acid to ran on to the afuay 
Carbonic add will be evo' ed and will bo driveii through the tubes 
The gas should bubble through the sulphuric acid in a moderab 
and regular stream. Wheu the eflerveaccnce Slackens the dam] 
is epenod and the greater part of the rem-iining acid nm In. 
When the eilervescenoe luis ceased the damp is opened to its Ml 
erctent and a current of air drawn through with an aspirator. A 
gentle he.at is applied to the fliisk; but it should not be prolonged or 
^rricd to boiling. After the removal of the heat a gentle current 
of air is drawn through the apparatus for 30 or 40 minutes. 
Tlie weighed U-tul)e, which in the ciuiy part of the oiieration 
will have become warm if much carl)Ouic acid was present, will 
by this time be cold. It is disconnecteil, plugged, and weighed. 
The increase in weight is due to the carlron dioxide of the sample. 
Exam’fie.. —Ore bdten i gi am. 

Weight of tube, before . . 42.6525 gr,ania 

„. „ after . . 43-0940 


Increase equals CO, . . . 0.4415 ■> 

jS' O' 

Indirect Gravimetric, or Determination by_ Loss.— 

a Geisslei-’s carbouic-acid apparatus (fig. 81) 
and place in the double bulb some strong Sul¬ 
phuric acid. Put into the other bulb, the stop¬ 
cock being dosed, 3 or 4 c.c. of nitric add 
diluted with water. Leave the apparatus In 
the hiilance-hox for a few minutes and weigh. 
Introduce into the flask (through A) about 
I gram of the powdered substance and again 
weigh to find the exact amount added. Allow 
the acid to ran gradually on to the carbonate, 
and when .solution is complete, heat and asjfi- 
rate. Cool and again weigh; the loss in 
weight is the carbonic add. 

For Excmjth :— 

Weight of apparatus and acids . . 85.494 grama 

„ „ marble • . 80.879 

Equal to marble taken ,. . • 

Weiglit of apparatus and marble . . 

„ „ ^inus carbonic acid 

Equal to carbonic acid . . • 

1.385: 100 ::a6o98 :0 


1-385 

86.879 grSiw 
86.26^ . 

a6o98 




CARBdlf ASD CAEBOSAte. 

•Tie sutetance con'^ains 44.03 per cent, of Arborite »jid; a 
dupucato asperLnent gave 43.73 per cent. 

riiis method is quicker, but less exact, than the direct gravi- 
metric detemim.tion. 

VOLTTMBTEIC Ml; lOD. 

ThLs, which is of somewhat limited application, is based upon 
the determination of tho quantity of acid required to decompose 
the CMbonate. It consists in adding to a weighed quantity of 
the mineral a known amount of standard solution of add which 
is in CZCC.SS of that required to effect the decomposition. The 
quantity of residual add is then determined by titrating with 
standard solution of alkali This method has been described 
under Lime. 

GASOMETBIO MBTHOD. 

This method is the quickest of all, and the least troublesome 
after’ile apparatus has been once prepared. It yields fairly 
accurate results when worked in the manner described below; 
but if greater precautions are taken the results are exact. It 
depends on the measurement of the volume of gas given off on 
treating the weighed wimple with add. The apparatus described, 
page 52, is used. Weigh out a portion of the mineral which 
sha^ contain not more than 0.15 gram of carbonic acid (or 0.4 
pam of carbonate of lime) and put it in the bottle. Put in the 
inner tube lo c.c. of dilute hydrochloric acid (i-l), cork tightly, 
and read off the level of the liquid in the burette alter adjiistiftg 
the pressure. Turn the acid over on to the mineral. Run out 
the water so as to keep the level in the two burettes tjje some. 
When effervescence has ceased, rotate the contents of the bottle; 
finally, adjust the level in the burettes and read off the volume. 
The increase in volume is due to the evolved carbon dioxide. At 
the same time read off the “ volume corrector.” 

Some of the carbon dioxide remains dksolved in the acid in the 
generating bottle, and the quantiiy thus dissolved will depend on 
the amount of carbonate as well as on the amount of acid present. 
Consequently, a measured quantity of acid should be used in each 
aKipy and a oomparative experiment made with a knoivn weight 
of pure carbonate of lime which will yield about the same volume 
of gss. Hie nuhiber of c.o. of gM gSt in tho assay multiplied by 
4.7 will give the numbef of milligrams of pure carbcmate of lime 
tiiat must be taken for the standard. With ordinaiy work tl^ • 
'sarior rSTelv (ixceeds ))gll*a im:. , 
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foiowin^ example t -'I illustrate the (sJdulaMous 
(hie gram of a mineral was taken, and yield8d»49.o<!.e. of gM., 
The “ volume corrector ’’ reading was 100.4 o.c. ■ ' • ^ 

0.2405 gram of pure carbonate of lime was then taken, a;ad 
treated in the same way j 50.5 c.c. of gas wei-e got. TBe volume 
corrector still read 100.4 C.C. 

0.2405 gram of carbonate of lime is equivalent to 0.1058 gram 
of carbon dioxide; then, 

50.5 ; 49.0 :: 0.1058 ; * 

X = 10.26 per cent. 

Estimation of Carbonic Acid in the Air of Mines.—Ac¬ 
cording to a series,of analyses by Angus Smith, the proportion of 
carbonic acid in the air of underground workings varied from 
0.04 to 2.7 per cent, by volume. In places where men ore 
working the proportion ought not to i-each 0.25 per cent. 

A simple method of determining whether a sample of aft 
reaches this limit {o._g5 per cent.) is desioribed by Dr. 0 . Le Neve' 
Foster in the “ Proce^ngs of tjie Mining Association and Insti¬ 
tute of Cornwall” for 1888. The apparatus used is an ordimiry 
corked 8-ounce medicitA bottle. This is filled with the'air to 
be examined by sucking out its contents with a piece of rubber- 
tube. HaJf-an-ounce of dilute lime-water* (tinted with phenci; 
phthalein) is poured in. If, on corking the bottle and shaking, 
the colour is not discharged, the air contains less than 0.25 per 
cent, of carbon dioxide. “ If the colour fades slowly, and doee 
not finally vanish till after a great deal of shaking, it may be 
assumed that the percentage of carbon dioxide does not greatly 
exceed one quarter; whereas, if the disappearance is rapid afteri 
very few shakes, the contrary, of course, is the case." The diluta 
lime-water is measured out and carried in ordinary half-ounce 
phials, ( This method does not pretend to great aecuri^, as « 
method of distinguishing between good and bad air it is very 
convenient, and will be found useful. r 

For detenuining the actual proportion in the air the folkrmlig 
plan is adopted Take a bottle which will hold about 59 ■ouhee^ 
and measure its capacity; fill the bottle writh the air to be ex¬ 
amined, pour in too c.o. of lime-water, and shake up fpr; soiJil 
time; add phenolphthalein, and titrate the remai^g calau^ 
hydrate with standard solution of oxalic acid. 1 ■_ ‘ b, 

The solution of oxalic aedd is made by dissolving a.aj ffljmng na 
re-crystallised oxalic acid (H,0,0-2H,0) in water and 
i litre. One c.o. = 0.001 giW of lime (OaO), or 0.0007857 
^ carW dioxide. i •■.■-■Mai 

. 0 Made by dilating 1 part by measura sataiatod 
|e recently 1;)9iled distilled -wateri 
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fake 100 C.C. of the same lime-water, to which* add ^he»saM 
Maotmt of.pheDjiphthalein as before. Titrate. The difference 
between the two ren.Iings gives the amount’of “acid ” equivalent 
Whe lUM-water neiitRiliscd by the carbon dioiido. The num¬ 
ber df «.d! thus used up, when multiplied bv o.3080, gives the 
number of c.o. of carbon dioxide (at o” 0. 1 760 mm.) in the 

volume of air taken. This volume, which is that of the bottle 
less 100 O.C., must in accurate work be reduced to the normal 
temperature and pressure.* The percentage by volume can then 
be calculated. 


PUAOTIOAL EXERCISES. 

1. In a gasometrio determination 71 3 0.0. of gas were obtained from 

0.2055 gram of mineral. The “ volume corrector ” rciuliug was 
102.2 C.O. 0.3445 gram of pure carbonate of lime gave 74:1 0.0. 
llie volume corrector” reading was roo.6. Wliat is the per- 
• centage of carbon dioxido in the sub'^taaioe ? 

2. Wliat volume of dry gas ato'O. and 7O0 m.m. pressure should be 

obtained from 0.3445 grau carbonate of lime? I 0.0. of 00 ,' 
undtT these conditions weighs 1.97 milligramSs 
3* A^s^ple of coal is reported on ns follows:— 

Specific gravity 


Moisture , 
Volatile matter 
Fixed carbon ♦ 

Ash. . , 


1-315 

i.uul 

35-484 

50.172 

12.02S 


100.000 

* What is there about this requiring explanation ^ 

4. Calcujato the percentage of carbonic acid in a mineral from the 
following data:— 


Weight of apparatus and acids 


pins mineral. , 

after loss of car¬ 
bonic acid. 


87.08S8 ^Tams 
88.8858 „ 

88.1000 


$. A sample of pig iron contains 1.43 per cent, of “ combined ” and 
i.<M per cent, of “ free ” carbon. Taking 2 grams of it for each 
detmmination, what weight of CO, will bo got on burningthe 
^idue from solution in ammonium cupric chloride, and what 
ftom the residue after solution in hydrochloric acid J 

BOEOK AND BOKATES. 

occurs in nature as boric acid or saissoliiie (H BO) ■ 
ulexite or boronaWealrito 
tCttB,0,.4H,0); boracite, 
other minerals. Boric acid is also 

See^^r OasomeincJisaift, 
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constkaent ot certain eilicates, such as tounfaliDe, azuiite, and 
datholite. . ' * 

The natural boratfcs are used in the preparation of borax, . 
which is lai-gely employed as a preserrative agent, fpr 
and for other purposes. 

There is only one series of boron compounds which have any 
importance. These are the borates in which the triojdde (B, 0 ,), 
acts the part of a weak acid. The addition of any acid liberates 
boric acid, which separates out in cold solutions as a crystalline 
precipitate. Boric acid is soluble in alcohol and in hot water. On 
evaporating these solutions it is volatilised, although the anhy¬ 
drous oxide is “ fixed ” at a red heat. The borates are mostly 
fusible compounds, and are soluble in acids and in solutions of 
ammonic salts. 

Detection.—Boron in small quantities will escape detection^ 
unless specially looked for, but there is no difficulty in dotectiii^ 
its presence. Heatfed in the Bunson-buiner flame with “ Turners 
test," it gives an evanescent yellowish-gree n colour, due to fluoride 
of haron (BF^. “ Tuber’s tost ’’ is a mixture of 5 pavtp of bw 
sulphate of potash and i part of floor spar. Boric add itself 
imparts a' characteiistic green colour to the flame, which gives a 
spectrum made up of four well-marked and equidistant lines, 
three in the green and one in the blue. Solutions of boric add 
give with “ turmeric paper,” which has licen dipped into it and 
dried, a characteristic red tint. This is a very delicate test, but 
in trying it a blank experiment sliould be carried out alongside 
with a solution made up of tho same re-agenls which have been 
Vsed in liberating tbe boric acid in the sample. 

Solution and Separation.—The solution presents no diffi¬ 
culty, hut the separation is troublesome. The best method is 
that of Oooch; who, if necessary, first fuses with carbonate of 
soda, and after the removal of chlorides and fluorides (by nitrate 
of silver or a lime salt), evaporates the aqueous extract with 
nitric or acetic acid to dryness in a retort and, subsequently, with 
repeated doses of to c.c. each of methyl alcohol The distillate 
contains tho boron as boric acid. Half a gram of the tiiaxiie 
(B, 0 ,) is completely carried ofer by two evajHirationS, each witjl 
10 C.C. of tho alcohol ; hut if water or foreign salts are present 
more than this is required. In ordinary cases six such ^apor# 
tions are sufficient for 0,2 gram of the oxide.* ” * , 

* Bee “ A Method for the Serration aad Estimation of Boiio Aold^C M 
r. A. Gooch, Ohmical Newt, January 7, l8S».' 
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OBAVIMETEIC DETEB 1 J 51 TATI 0 H. 

•'Befor# the introauction of Gooch’s process it was iisuiJ to de¬ 
termine the boron trioxide “by difference.” If the alcoholic 
distillate containing tho boric acid is dig' ', 1 with about i gram 
(a known weight) of linio for ten or fifteen minutes, the alcohol 
can be evaporated off witliout danger of less. Either lalcium 
nitrate or acetate (which will be formed at the same time) yields 
lime upon subseejuent ignition. Consequently, the increase in 
weight, after ignition, upon 
that of the lime taken gives 
the amount of boron tri¬ 
oxide present. TJie tri¬ 
oxide contains 31.4 percent. 

.of boron (B). Since mag¬ 
nesia does not form a 
soluble hydrate it cannot 
satisfiKtorily be used in¬ 
stead of lime. 

The apparatus required 
is shown in, fig. 82. It con¬ 
sists of a small retoii or 
evaporating vessel made out 
of a pipette of 200 c.c. 
capocity. This is heiited by 
mews of a parafiin-bath 
at 130* or 140“ C. It is 
connected with an upright 
condenser, at the lower end 
of which is a small fiask 
which serves as a receiver. Fig. 82. 

The quantity of the 

bomte taken should contain not more than 0.2 gram of the tri¬ 
oxide. Insoluble compounds are “ dissolved in nitric acid at once, 
or, if necessary, first fused with sodium carbonate." With 
soluble and alkaline berates sifllicient nitric acid is added to 
render it faintly acid. The solution is then introduced into the 
r^rt. 

*<* The lime, to retain the boric acid m the distillate, is ignited - 
m the crucible in which the evaporation of the distillate is to be 
made subeequently.” It is then oooled in the desiccator for tea 
.ptdinutes, and weighed. Tho lime is transferred to thq rcceivinK 
flii'air and slaked with »little water. The retort, is lowered into 
Um bath BO that “ dtdy <the rear dips below the surface.” The 
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evapo^on is carried to dryness, the retort bcin^g loirered further 
into the bath as the evaporation proceeds. Ten c.& Of methyl 
alcohol are introduced (upon the residue, and the evaporation 
again started. Six such portions of alcohol thus dlst^ed anti 
2 c.a .of water are introduced and evaporated between the second 
and third, as also between the fourth and fifth distillations. If 
acetic add is used instead of nitric in the first instance this addi¬ 
tion of water is unnecessary. 

The distillate is evaporated in the crucible ignited, over the 
blowpipe, cooled in the desiccator for ten minutes and weighed. 
The increase in weight gives the boron trioxide. The results tend 
to be from i to 2 milligrams too high. 

VOLtrilETRIO METHOD. 

This method is applicable to the indirect determination of boric 
add in borax and similar compounds. It is based on the measure¬ 
ment of the quantity of normal solution of add required to 
replace the boric add, an^ consequently, is rather a raeaaqie of 
the soda present. Tlie'proco.ss is an alkab'metric one, and is 
carried out as follows:—IVeigh up 3 grams of the sample and 
dissolve in water. Tint with methyl orange, and run in from an 
ordinary burette normal solution of sulphuric add until a pink 
tint is got. 100 c.c. of the normal solution of add are equal to 
7.0 grams of boron trioxide (B, 0 |), or lo.i grams of anhydrous 
borax (Nn^T 5 , 0 ,). , 

Examination of Borax.—In iddition to the determination 
just given, the following determinations are also required:— 

Xfater .—^Take about 2 grams and heat to tranquil fusion in a 
platinum crucible. Count the loss in weight as water. 

Sulphririo Oxide.—Take 2 grams, dissolve in water, aci^fy 
with hydrochloric add, filter, and predpitate with barium 
chloride. Wash the precipitate, ignite, and weigh as barium 
sulphate (see Sidphur). 

Chlorine.—Take 2 grams, dissolve in water, addify with nitric 
add, filter, and add silver nitrate. Collect, wash, and weigh thl 
predpitate as silver chloride. e 

Alumina.—^Tako 5 or 10 grams, dissolve in water, boil, adj^' 
ammonia in slight excess, and filter off the precipitate whmt ft 
has settled. Wash with hot water, ignite, and weigh as 
(Al.0^. 
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iNTiniNATioxvi, Atomic Weights. 


AloiDinium . , 

. A 1 

0 = 16. 

27 1 

Antimony . 

. Sb 

120.2 

.•Argon . . 

. A 

39.SS 

Arsenic . 

. As 

74-e<' 

Barium • 

* 1 >U 

i.’> 7 -i 7 

• 

. lii 

20S.0 

Boron . 

. li 

n.o 

Bromine 

. lU* 

79.92 

Oaiiiuinm . 

. ca 

112.40 

CiGsium . •, 

, ('s 

142.S1 

Calcium 

. Ca 

40.07 

Carbon . . 

. (5 

12.00 

'.Cerium ■ . 

, Co 

140-2.1 

Oblorine . 

. Cl 

35’4b 

Ctfrominm . 

. Or 

42.0 

Cobalt .. . 

. Co 

SH-97 

Oolumblum 

. Cb 

PS-.? 

Copper 

, Cn 

03.57 

.. Dysprosium 

. I>y 


Erbium 

. Br 

107.7 

Knropium . 

, Eu 

1,42.0 

Tluorino 

. E 

19.0 

"Gadolinium 

, Ga 

157.3 

Gallium 

, Ga 

69.9 

Germanium 

. Ge 

72-5 

Glucinum . 

. Gl 

9-1 

jtJeia . , . 

. Au 

197 2 

Betinm 

. He 

3-99 

Hblmlnm. . 

. Uo 

163-5 

HJdrogUn . 

. H 

i.GvjS 

.SC ' : 

. In 
. I 

114.8 

126.92 

lltWlum' , . 

. ilr 


-BjrypttB ' 

. Fe 
Kr 

82.92 

tiKitbmum.. 

a IA' 

■ 139.'. 



k 


0=-.16. 


Lead . . . 

rb 

207.10 

jathium 

Li 

6.94 

ljuteciura . 

Lu 

174.0 

Magnesium. 

Mg 

24.32 

Manganese . 

Mil 

54-93 

Mercury 

Hg 

200.0 

Molybdonum 

Mo 

9O.O 

Neodymium 

Nil 

144.3 

Neon . 

Ne 

20.2 

N ickel 

Ni 

.58.6«a 

Niton (radium 
emanation) 

Nt 

222.4 

Nitrogen 

N 

14.01 

Osmium 

0« 

190-9 

Oxygen 

e 

ifi.oo 

lialladiiim . 

IM 

106.7 

Phosphorus 

1' 

31.04, 

riatiuum . 

I'l 

195.2 

Potassium . 

K 

39.10 

Praseodymium 

I’r 

140.6 

liadium 

Ra 

126.4 

Hiiodium « 

Uh 

102.9 

Rubidium . 

Rb 

»5-45 

Ruthenium. 

Rii 

101.7 

Samarium * 

Sa 

150.4 

Scandium . 

Su 

44.1 

Selenium • 

Se 

79.2 

♦iilioon 

8 i 

28-3 

Silver . 

Ag 

107.88 

Sodium a 

Na 

23.00 

Strontium . 

Sr 

87.63 

Sulphur 

Tautalum . 

S 

32.07 

Ta 

181.S 

Tellulium . 

To 

127.S . 

Terbium 1 

Tb 

IS9.2 

ThalUum . 

T 1 

-.204.0 
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faiU ^ovmg Utt percentage, hy Weight, of ileal Aeid 

Aqueous SohUious of Hydrochloric Acid of different Speafie 
Gravities. Temperature, 1$" C. 
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fuMe showing the percentage, by Weight, of Real imrnMiia {NHj 
in Aquemt Sdutimis of Ammonia of different Spedfe Gfcmiiei 
Temperature, 14" 0 . 


0.8844 

36.0 

0.9145 

* 1! 

23.6 |i 

0.9534 

11.6 

0.8852 

35-6 

0.9156 

23.2 

0.9549 

11.2 

0.8860 

35.2 

0.9168 

22.8 

0.9563 

10.8 

0.8868 

34-8 

a9i8o 

22.4 

0.9578 

10.4 

0.8877 

34.'; 

O.9I9I 

22.0 

0.9593 

lao 

0.888s , 

340 

0.9203 

21.6 

0.9008 

9.6 

0.8894 

336 ' 

0.9215 

21.2 

0.9623 


' 0.8903 

332 

0.9227 

20.8 

0.9639 

8.0 

0.8911 

32.8 

.0.9239 

20.4 

0.9654 


0 8920 

32.4 

* 0.9251 

20 0 

0.9670 

. 

• KO 

0.8929 

32.0 

U.9264 

19.6 

0.9685 

. 7'® 

0.8938 

31-6 

0.9277 

19.2 ! 

0.9701 

/ *2 

0.8948 

31-2 

0.9289 

18.8 

0.97*7 

t>.8 

0.8957 

30.8 

0.9302 

■8.4 

0.9733* 

6.4 

a 8967 

30.4 

0.9314 

18.0 

0.9749 

6.0 

0.8976 

30.0 

0.9327 

17.6 

0.9765 

5.6 

a8986 

29.6 

0.9340 ' 

17.2 

0.978* 

51 

0.8^ 

29.2 

0.9353 

16.8 

0.9790 


a90o6 

28.8 

0.9366 

16.4 

0.9807 

4.6 

a90i6 

2S.4 

D.9380 

16.0 

0.9823 


• 0.9026 

28.0 

0.9393 

15.6 

0.9839 

3.8 

a9036 

27.6 

0.9407 

‘S'? 

0.985s 

3.4 

0.9047 

27.2 

0.9420 

14.8 

0.9873 


o.9of7 

26.8 

0.9434 

14.4 

0.9890 

2.0 

0.9068 

26.4 

0.9449 

14.0 

0.9907 

2.2 

0.9078 

26.0 

0.9463 

13.6 

0.9924 

1.8 

0.9089 

25.6 

0.9477 

13.2 

0.9941 

1.4 

0.9100 

25^ 

0.949* 

12.8 

0.9959 

1*0 

0.9111 

24.8 

0.9505 

*2.4 

0.9975 

a 6 

0.9122 

24.4 

0.9520 

12.0 

0.999* 

aa 

0.9*33 

24.0 

• 



_ ’ 
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APPENDIX B. 


ESTIMATION OF SMALL' QUANTITIES OF GOLD/ 

[n the oase of small butions of p()ld the weight can be. 
nore easily and aocumtely by measuring with the l»olp of a microscope 
ban by the actual use of a balance. Moreover, the mothod of moaenic* 
nent is applicjible to tlie^tortniuation of quantities of gold top Vii^uto 
10 affect even the most uclroito bahuico. 

For quantities of gold of from .5 to .00$ milligram a miorgseope with 
^ inch objective and B eyeiaocc is suitable. The measurements are made 
ivith the help of a scale engraved (<ir, bettor, photogniphc^l on a circular 
jicco of glass which rests on the diaphragm of the eyepiece. _ This scale 
ind the object upon tiio stage can be e;u^ily brought into focus at the 
iiame time. The button "of gmd obtained by cupelling ia loosened frojn 
die cupd by gently touching with the moistened point of a knife; 
t generally adlieres to the knife, and is then transferred* to a glass ffhde. 
I'he slide'is placed on the stage of the microscope, illuminated from 
below; and the button is brought into focus, and so placed that it 
ipparently coincides with the scale. The diameters in two or three 
directions (avoiding the flattened surface) are then read off; the different 
directions being got by rotating the eyepiece. The nloan diameter Is 
taken, ^.’he weight of* the button is arrived at by comparing with the 
mean diameter of a tiaitdard prSl of gold of known weight. Tiie we^hts. 
tre in the proportion of the cubes of the diameters. For example, suppose- 
a prill has been obtained which measures 12.5 divisions of the scale, and 
that a standard prill weighing 0.1 milligram measures II.I divisiwili 
I'he weight will be calculated as follows: 

• II.1 12.$*, :: ai 


0.1 X 12.5 X 12.5 _x 1^5 
Yi.i X n.i X 11.1 


0.143 miihgraia. 


The calculations are simplified by the use of a teble of .onbet. 
itandord prills used in the compvrison should not differ muoh iB StM bMft 

* For fahor iufomiAtion see s paper on “ The Estimation oI'MIttafs 
of Gold,” hy Dr. George Tate; read before tho LivarDOol Polvtechide 
Kof. 1889. 
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at niiiligram) are then weighed off and cupelled on small smoottyr 
«upel8, made with the finest bone^ash. Care nAist be taken to remove the 
^peU asesoon as cupellation has finished. Several standard prills of the 
same sise should be made at the same time, and their mean diaroetei < 
oalcullted. ilie lead for making the gold load alloj is prepared from 
litharge purified by reducing from it a^ut lo per cent, of its lead by 
furion with a snitable proportion of flour; the purified lithai^e is pow> 
der^, mixed with sufficient flour and reduced to metal. 

In determining the gold contained in small buttons of 6Uver<gold alloy 
obtained in assaying (and in which the silver is almost sure to be in excess 
•of that required for parting), transfer the button from the cupel to a small 
clean porcelain crucible; pour on it a drop or two of nitric acid (diluted 
with half its bulk of water), and heat gently and cautiously until action 
has ceased. If the residual gold is broken up, move the crucible so as to 
bring the particles together, so that they may cohere. Wash three or four 
times with distilled water, about Imlf filling the crucible each time and 
decanting off against the finger. Dry the \,raclble in a warm place ; and 
when dry, but whilst still black, take the gold up on a smeiil piece of 
pure lead. Half a grain of lead is sufficient, and it is best to hold it on the 
P'diit of a blunt penknife, and press it on the gold in the crucible. The 
^e;,e^ generally adheres. Transfer to a small smooth cupel and place in 
the muffle. When the cupellation has finished, the button of gold is 
measured as already described. 

PRA«TICAL NOTES ON THE IODIDE PROCESS OF 
COPPER ASSAYING. 

For the following remarks and experiments we are indebted to 
Hr. J. W. Westmoreland, who has bad considerable experience with the 
prdbess. Having dissolved the ore be converts the metals Into sulphates 
by cva|)orating with sulphuric acid. The copper is then separated as sub- 
eulphide by means of hyposulphite of soda, and the precipitate is was^^ed, 
•dried, and c^cined. The resulting oxide of copper is t^eu dissolved in 
•nitric acid; and to the concentrated solution, a saturated solution of 
•carbonate of soda is added in sufficient quantity to throw down a con- 
eiderable proportion of the copper. Acetic acid is added to dlk^olve^the 
precipitate, and when this is effected more of the acid is poured on so as to 
render the solution strongly acid. To this potassium iodide crystals are 
added in the proportion of ten parts of iodide to each one part of copper 
supposed to be present. The solntion is then titrated with *'hypo^' as 
usual 

For the examination of technical products exf)erimcnts mado in 
«u)phurio acid solutions have no ^’alue, since arsenip acid, which is 
generally present to a greater or less extent, affects the end reaction. In 
.■such solutions Sismuth may also interfere. 

J'be solution best suited for the assay is one containing ac-etate of soda 
And free acetic acid. The presence of acetate of soda counteracts the inter* 
ferenoe of arsenic and of bismuth. • 

T!h» return of the bfue colonr after titration is due to the'excessive 

'’P » 
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^Kution of tb<^ assay, or to an insufficiency of potassium ioaiae, or w me 
presence a; nilrou^ fumes. The interference of an excess of sodium acetate 
IS avoided by adding moi’O 'iodide crystals to the extent of doubling tbe 
usual amount. 

The interference of led i can be avoided by tbe addition of sulpbnrip 
acid or of phosphate of soda to the acid solution containing the copper, ai-d 
before neutralising with carbonate of soda. The end reaction is, nowever, 
with care distinguishable without this addition. The following expefiments, 
each containiz^ .064S gram of le^, were made by him in illustration: 


Copper takeiu 

Seageitt added. 

Copper found. 

Knd reaction. 

.2093 gram 

_ 

.2077 gram 

faiiiy satisfactory 

.2101 „ 


.2092 


.2167 . 

snlphuric acid 

.2152 „ 

„ 

.2117 „ 

„ 

.2IOS M 

„ 

.2109 H 

phosphate of soda 

.2C192 „ 

good, colourless 

■2205 » 

H 

.2174 »t 

rather yellow 


^feet of Sodium 
copper. 


Acetate** added. 
“Iodide”added . 
^.Copper found 


Acet(Ut.-~^w:h solution ooutained ,3343 gram of 


e. 

d . 

«. 

/■ 

" i - 

frame. 

(mm.. 

(mm.. 

grama. 

(tram. 

— 

16.2 

16.2 

■ 6.2. 

16.2 

• 3«5 

3-5 

7.0 

3-5 , 

7.0 

• -3343 

•3324 

• 33 S' 

.^269 

• 33 S< 


In these experiments, excc^ with the excessive quantities of acetate of 
Bo^ and the insulficiohcy ox pota^sinm iodide in tbe coses of d and f 
there was no difficulty with the after>blucing. 


METHOD OF SEPAttATlNO COBALT AND NICKEL. 

The following method 0! separating and estimating cobalt and nickel has 
been described by Mr. James Hope,* with whom it has been in daily use 
lor heveidl years with completely satis&ctory results. 

The quantity of ore taken should contmn about .5 gram of the mixed 
metals. It is dissolved in hydrochloric acid or aqua regia, and the solution 
evaporated to dryness. Tbe residue is taken up with dilate hydrochloric 
acid and hot water. The solution is filtered oS from the silica, freed from 
second group metals by tr^tment with sulphuretted hydrogen and 
filtered, and after oxidation with nitric acid is sefarated from iron and 
alumina by the basic aoetsite method (page 2331. Tbe precipitate is re- 
dissolved in a little hydrochloric acid, and precipitatea by sodimn 
acetate. Tbe two filtrates are mixed and treated with aiittle acetic Aoi^ 
and the cobalt and nickel are then precipitated as sulphides by a cmtdnf 
of anlphuretted hydrogen. The precipitate is filtered off, washed. 

*J0ttnuzi<^<AeS()e/t'/tfO^Ch/!tnfcM(7ndluririf,No 4.Tolix. April 












APPENDIX B. 


4^' 

aou (^iuiueu, aiiu .>a« renoltlag oxldcs are weighed to get an i^ea as to the 
(jaaatit^ of the two metals present. # ^ * 

The calcined piecipiiaAe je disboived in a small covered beakor In aqna 
regia with the help o(*a few drops of bromiud to remove any se{)arated 
sulphur, and the solution evaporated to drynegs with a few drops, of 
Si^^huric acid. The icbidue is dissolved in hot water, diluted to about 
50.C.C., and Seated to boiling. About 2 gmms (four times the quantity of 
mixed matals present)of ammonium phospl.ate are weighed oiF, 

dissolved in the smallest possible quantity of wat* . aid bulled foraminute 
or two with a few c.c. of dilute sulpbiiric acid. This is added to the 
boiling-hot solution of cobalt and nickel, which is t,h^n treated cautiously 
with dilute ammonia until the precipitate partially dissol^ The addition 
of the ammonia is continued drop by drop witlj constant stirring, until the 
cob^t comes down as a pink precipitate of ammonium cobalt phosphate 
(AmCoP04). The beaker is placed on the top of a water l»ath with occa* 
sioiial stirring for five or ten minutes. The blue liquid containing the 
nickel is decanted tlirongh a small filter and the precipitate is dissolved 
with a few drops of dilute sulphuric acid. The resulting solution is treated 
with a small excess of ammonium phosfibatc and the (‘.oboit. again precipi* 
tatod by the cautious addition of ammonia exactor as before. Tim precipitate 
containing the whole of the cobalt is filtered off and washed with small 
quantities of hot water. The filtiato is added to the previous one contain- 
iitg the greater part of the nickel. 

'^te ammonium cobalt phosphate is dried, transferred to a platinum 
crpciblej and ignited over a Bunsen (lame for fifteen or twenty minutes. A 
pu^le coloured cobalt pyrophosphate (C0..P2O,) is thus formed, and is 
weighed. It contains 40.3 per cent, of cobalt. 

The mixed filtrates containing the nickel are placed in a tall beaker, and 
diluted if necc^ry to abotit 200 c.c. Ten c.c. of strong ammonia are 
added, and the solution, heated to 70’ 0 ., is ready for electrolysis. A battery 
of two 1^ pint Bunsen celLs is used. This is found capable of de))08iting 
from .15 to .20 ^ram of nickel per hour, and from two to three hours is 
generally sntKeient for the electrolysis. The electrode with the deposited 
nickel^ wrtslied with distilled water, afterwards with alcohol as described 
undei copper, and is then dried and weighed. 

The following results obtained with this method by Hr. Ho'Te illustrate 
tile accuracy of the method. They were obtained by workic^ on solutions 
sontaining known weights of the two metals: 


Taken. 

Found. • * 

Cobalt. 

ttlekd. 

CoMt. 

KickeL 

,1236 gram 

.1236 . 

‘.* 47 * ■ 

.3708 » 

.0618 a 
.d6l8 . 

.0618 K 

.1155 gram 

•0577 . 

•0577 H 
.0577 . 

.3465 » 

.2310 . 

•>I 5 S •• 

,1242 gram 
•,1232 „ 

.2449 M 

.3701 » 

•0619 » 

.0625 „ 

.OJ2I „ 

.1155 gram 
.0575 H 
.0585 - 

.0580 , 

.3454 •• 

•2295 . 

.1155 r 
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A LRCTimi! ON THE THEORT OF SAMFI.INO. 

The probifim of ,,iie ^aInple^ is essentially the same as that of the stpdent 
of t>taUsti('s. One aims at gutting a small parcel of oic, llie other, a 
number of data, but each hopes to obtain what shall toprescnt a true 
average applicable to a much larger mass of material. Ignoring the 
mcchuDiual part of Ae problems, the sampling errors of the' ocj'aud 
the deviations from the average of the other are the same thing. 

It may be doubted whether many not sjKicially trained in the study 
of statistics could answer such a question as the following-Seven 
hundred thousand men being cmplojed, there are, in a given year, one 
thousand deaths from accident. Assuming the conditions to remain 
nnalrered, within what limits could one foretell the number of deatiis by 
accident in any other year ? 

On the other hand, there is a widespread belief in the efficacy of what 
is called the law of averages. Even the ordinary n wapaper reader is 
accustomed to look on the national death-rate or birth-rate as a thing 
capable of being stated with accuracy to one or two places of decimal^ 

' and he knows that the annual number of suicides is practically constant. 

If a man played wliist often and kept a record of tiie number of trumpi 
in each hand, he would find f(*rtiinc treated him quite fairly; in a year’s 
play Che average number would deviate very little from the theoretical 
'‘average, one-quarter of thirteen. And a knowledge of this truth is 
useful, and mat not merely in keeping ejaculations in due restraint But 
every good player knows more than this: behas asense of what mriations 
in the numlK-r of trumps may reasonably be expected. For example, he 
will be prepared to risk something on neither of his opponents having 
more than five trumps, end will accept it as a practical certainty that no 
one has more than eight. Much of what is known as good judgment is 
based on a proper estimate of deNiaiions from the average. The question 
has an important I earing on sampling, as may be seen from the fact that 
shuffling and dealing at cards are but modifications of the well-known 
mixing and quartering of the sampler. • < 

Because of this b^ng on sampling and for other reasons, I beoama 
many years ago much intererf-ed it the que8tj,0D, and gave to its solutton 
Dsrhfqfis more labour than it was worth. In books on Ifedic^ Statistical 
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the answer to tlie qaefj^ioin is stated in a mafbeiuatical '.all^ 

^o 4 ssod*s formula, which, in a modified form, I t^hall giT%fim-he:^n. But^ 
this did no^satiAfy ine,*because I wanted to learn what a rcaasnably safe 
Umit of error actually Aaant, and this could be best learnt hy experiment; 
so with the help of some friends 1 went is for a ^orongh course cf pcQny 
tirTfiing. , 

•Tossing a penny twenty times, an average result would be ten heads and 
ten tails. To find the deviations from this, V7e tossed two hundred 
twenties, {.e., four thousand times. Of the two i indrcd, th'rty*three gave 
the exact average, viz.;—lo heads ; sixty-four gave an error of one, viz.: 
—9 Or II heads ; forty-nine, an error of two; twenty-six, an error of three; 
twenty, an error of four; eight ^ve an error of five, and this limit was not 
exceeded. From thei>e we may say that six is a reasonably safe limit of 
error. Ninety-seven crises, say one-half, gave an error not exceeding one: 
and the mean error is i.S. 

In other words, in twenty tosses yon will not get more than i6 nor less 
than 4 beads; you are as likely as not to get 9, lo, or 11 beads; and lastly, 
if you lost in twenty throw.s all beads 01 tails over 10 your average loss 
would be 1.8 penny, or say roughly 2d. on the twenty throws. 

It was necessary to com|>arc these with "mother series containing a 
^rger average, say that of 100 heads in 200 throws. 1 confess the labour 
of tossing pennies two hundred at a time was little to our taste. So from 
a bag of pennies borrowed from the bank, we weighed out samples con¬ 
taining two hundred, and for an evening we were busy counting heads and 
tails in these. The heads in sixty samples ranged from Soto 114. One 
hundred beads occurred seven times. The extent and frequency of the 
errors is shown in the table. 


• 

Error. 

No. of 
Times. 

Error. 

No. of 
Times. 

Error. 

No. of 
Tiines. 


8 

6 

2 

11 

I 

2 

5 

7 

3 

u 

3 

3 

6 

8 

3 

15 

I 

4 

3 

9 

7 

18 

2 

5 

6 

10 

I 

20 



We may call the limit of error 21. Twenty-nine results out of sixty, say 
one-half, bad an error not exceeding 4; and the mean error is3..6. In 
comparing these with the series 10 in 20 we must, working byrule, divide 
not by 10 i>ut by 3.16, the square root of 10 ; for if we ranltiply an average 
by any number * the error is also multiplied but only by the square root of 
the number. The error varies u the square root of the numb^. Now 

21 -r 3.16 = 6.6 B limit of orroT for 10 in 2a 
5.6 -5- 3 16 = 1.8 B iBean%rTor „ „ „ 

4 3.16 s 1.2 B probable error „ ^ „ 

I^will be seen that these calculated results agree fairly well with those 
actually obtained. The rule by which these calculations are made is hm* 

* The iota 30 multiplied by Kfas too in aoo 
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K)rtant and nrill bear further illofitration. To crlculat^ the cumber of. 
leadK intjaoo we have to find the limit of error on a true average 

}f 1600 ill'320a Tliia being 16 tiinc» the averag^.of 106 in_20(^ the cor* 
responding errors most be multitdied by 4. This gives 
21 ^ 4 = 84 s limit of error. 

5.6 X 4 =£ 224 = mean error. 

4 X 4 s 16 s probable error. 

The results I have actually obtained with these large numbers are hardly 
pnough to base much on, but have a value by way of coniirmatioD. , Ez> 
meeting 1600 heads, the actual numbers were 1560, 1596, 1643, 1557, 
1591.1605,1615.1545. 

It will be seen that exactly half are within the probable error; but this, 
considering Die small number of results, must be more or less of an acci* 
dent; it is more to the point they arc all well within the limits of error. 

1 have a large number of other results which with a single exception are 
all in accord with titose given; and this exception only just overstepped 
the limits. It was like a case of nine trumps, which though in a sense 
possible, is very unlikely to happen in any one’s ex?u 5 rieuce- 

But even now we are not quite in a po-^ition to answer the question with 
whicti we started. ' Jf you refer to it you will see that weare face to faca 
with this problem: the limit of variation on the 1000 who died would 
be say 70,* ignoring decimals. But if we calculate on tlie jumber who*did 
not (lie, viz.-- 699.000,i^c shall get a variation 26 times as great vs 
But it is evident the variation must be the same in each case. 1 submitted 
this kind of problem also to tJic test of experiment, the results of which 
gave me great faith in Poisson's formula. 

Imagine two liuridred pennies in a bag all beads np. Any shaking will 
spoil this arrangement and give a certain proportion of tails! And, furl her, 
the probable cfTecL of shaking and turning will be to reduce the prepoa* 
derance of heads or tmls whichever may be in excess. This of course is the 
reason why we are bo unlikely to get more than 120 of them in either 
position. r 

But if the two hundred pennies are increa.scd to 20,000 by adding pennies 
which have tails on both sides, then the shaking or mixing would be less 
effective. We should still expect as an average result to get the 100 heads 
but in 20,000 instead of 200. The variation will bo 28 or 29 on the 100 
insteatl of 20. And tliis is a better limit in such cases. Teeing 28 os the 
hmU of'^error on too tnx/ancss and proportionally increasing the others so 
tliat t?t 6 mean error beeomee 7.8 and theprohabU error 5.6, we may now cal* 
culate the knswer without gross mistake. 

The probable variation on the 1000 deaths by accident will be 18, the 
mean variation will be 24.6, and the limits of variation 88.5. One such 
table showing in five years a mean number of deaths of about 1120 per 
annum gives an annual deviation of about 50 up or down of tliis. It wUl 
be seen at once that an improvement of 30 or 40 in any one year would be 
without meaning, but that an improvement of from 100 to 200 wou)d indi¬ 
cate some change for the better in the circumstances-of the industry. 
Before applying these principles to the elucidation of some of the problems 
of sampling it will be well to give Poisson’s formula (in a modified fxm) 
and to illttsirate its working. 

». • Multiply the errors 100 oy the square root of la 
f Multiply the errors for 100 by the square root of 6990. 
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LV * equal tile number of oases of one sort, y the ca«M of the other 
wrt, and z the »otal. in the example, z will be tlio 7o<y)oo enirjfc.od in tW 
industry; z will be tl»% looo killed by accidents, and y will be the 699,000 
who did not so die. The limit of deviation or error calculated by Poisson's , 
formula will be the square root of Keplacine x y and z by tbe figures 
pf the ex^ple we get the square root of which works out to ^ 

the 8q,tare root of 798 S. 57 i or 89.3. Which E',s that we may reasonably 
expect the number of deaths not to vary from 1000 by more than 89, 
they will be between 1090 and 91a It will be seen tlict this number it> in 
very satisfactory agreement with 88.5 given by the rougher calculation 
based on my own experiments. 

To come to the question of sampling. Consider a powder of uniform 
fineness and fine enough to pass through an 80 sieve. For purposes of 
calculation this may be assumed to be made up of particles of about on©» 

eighth of a millimetre across (say roughly ~ of an inch); cubed, this 


gives the content as about " (strictly j*-) of a cubic m.m. Now one 
cubic mm. of water weighs 1 milligram; O'crcfore 500 such particles if 
tfeey have the specific gravity of water weigh i milligram, and otherwise 
weigh I milligram multiplied by the sp. gr.: 500 p{)rtiole8 of ruby sil’^er 
(Pyrargyrile) * will weigh 5.8 muhgrams and will contain nearly 3.5 milli* 
grains of silver. 

Now suppose a portion of 3.2667 grams (^ Assay Ton) of silver ore to 
contain 500 such parti< le8 of ruby silver and no other material carrying 
silver: such an ore would contain 35 oss. of silver to the ton. But t.bo 
limits of variation on 500 particles would be 28+ multiplied by the squarn 
root of 5, or ^2 particles- Thus the limit of sampling error would amount 
-to just one-eighth of the silver present, or say to mther more than 4 ozs. 
to the ton ; the mean sampling error would be rather more than a quarter 
of this, or say about 1.3 ozs. to the ton. 

(jp the other hand, if one took for the assay a charge six times greater 
(say about 20 grams), the number of ]>article8 would be 3000 and the limits 
of variation would be 28 multiplied by tbe square root of 30, or 153 par* 

tides, which is very closely ^ of the silver present, or say 1.75 ozs. to •the 
ton, whilst the mean error would amount to about .5 ozs. to the ton. 

To work those examples by Poisson’s formula lot us assume the gangue 
to have a mean sp. gr. of 3. Then 500 particles would weijjb,3 milli¬ 
grams ; and 3.2609? pams would contain 543.500 p.^ tides. • There would 
be then 500 of ruby silver and 543,500 of gangue, together 544,000, and the 

formula gives the square root of which works out to 63 par- 

tides as against 62 by the other method. 

A practical condiihion from this is of course that either the ore must be 
powdered more finely or a larger portion than 3 grams must be taken for 
The a{«ay. Moreover, it is evident that on stich an ore no small sample 
must be taken ftontaining less than several million particles. 

Consider now a copper ore of the same uniform fineness containing 


• Sp. Or. s 8. Silver 60 per cent 

t Tsking s8 ss the limit oi^varic^lon on 100. . 

t The weight tf the ore less the weljght of ntby silver In K. 
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policies of copper pyrites (sp. gr. 4) of which (Xiii partirtes will weigo 9 
Sii])igrain4. ipixedriwith gangue of which locx) particles weigh 6 milK- 
grams. • , ^ 

^ If one gram of such ore contain .5 gram of copper pyrites (= .1725 
gram,copper) and .5 gram^of gangue, these will contain 62,500 and say 
o3»500 particles respectively. Altogether 146,000 particles, ^ith Poi«- 
son’s formula this gives the limit of sampling error as the square root of 
8X69500X83500 ^ ... - , . r* . 

— {^ 6 ^— 5** particles. But a variation of 521 on 62,500 is a vana- 

tioDof .83 per cent. The percentage of copper in the oru is 17.25 per 
cent., and .83 per cent, of this is .14 per cent. The limits of sampUng 
error, therefore, are 17.11 per ceit. and 17.39 cent. Again, it must bo 
remembered that the mean sampling errorwouldbea little over one-quarter 
of this, or say from 17.2 per cent, to 17.3 per cent. The practical oonclu* 
sioD is that a powder of this d^ree of liueness is not fine enough. In the 
last place let ns consider a similar iron ore containing 90 per cent, of 
htematite (sp. gr. 5) and 10 per cent of gangue (sp. gr. 3), 1 gram of such 
ore will contain 90,00c particles of heematite weighing .9 gram and con* 
taining .63 gram of iron with say 16,500 pai tides of gangue weighing 
.1 gram. Altogether 106,500 particles. 

Poisson’s formala then gives the limits of variation as the square root 

or 334 particles. But 334 on 90,000 is 0.23 on 63.0, which is 
the percentage of iron present. The limits of sampling enor then are 
62.77 percent and 63.23^r cent, and the mean varmtion is from^2:9^ 
per cent, to 63.06 per cent. 

These examples arc worthy of careful consideration, and it most be 
remembered t^t the calculations are made on the assumption that the 
ere is made up of uniform particles of mineral of such fineness as would 
pass easily through an So sieve, but which does not pret^^ to represent 
with great exactness the fineness of the powdered ore customary in* 
practice. They show that haviiq^ passed through such a sieve is no proof 
of BuiScient powdering, not that all ores powdered and so sided are unfit 
for assaying. This last would be an absurd and illogical conclusion. , 

If an ore be powder^ to a fairly fine sand and then be passed through 
a series of sieves, say a ^ 60, and 80, in such a state that little or none 
remains on the first, but the others retain a large proportion; then of 
that which comes through the 80 sieve, perhaps two*thiras by weight may 
be even coarser than tlie powder I have used in the example. Of the rest 
most mag be of about half this diameter; the weight of the really fine 
powder unay be quite inconsiderable. On the other hand, if the grinding 
be continued^ until, on sifting, little or nothing that is powdmsble remains 
on the sieves; then in tlie sifted product the proportions will be very 
fUfferent. This last, of course, is the only right way of powdering. Also it 
is evident that so much depends on the manner of powdering that nothing 
precise can be stated as to the average coarseness of the powder. Snppose. 
however, by good powdering a product is obtained which may be represented 
by a uniform powder with particles t'20th of a milliffletre in diametei: (say 
roughly ^ inch). Compared with the previous powder, the diameter has 
been diviM by 2.5*, their number, therefore, in any given weight ^ 
been iscreased'by the cube of 2.5, which is 15.6. But the value of a 
Munple vf rie.s as the square root |f th^ number of particles. Hence the 
ndnotinn m siie and oonsequ^t increase in number has made the sample 
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neaifj four time^'better thac before ;'aQd it will be seen that this brings 
th^ sampling en or witltin tolerable limits. « ^ 

There are one oi;twoewcrdB of warning which should ^ Riv^. In tbs 
first place, Using a 90 sieve instead of anSomitftt not be too much relief 
on ; the powder I ^ook in the example would pass through iu It is a, 
•jgestioD of good powdering rather than of fini sifting.* In the second 
dace, a sef of, say balf-a-duxen, assays concordant within i oz. where the 
theory gives 4 ozs. as the limit of error does not upset the theory: the 
theory Itself states this as likely. It is the en« r you i»a^ get in one or 
two assays out of a hundred, not the error you are Ukdy to get in any one 
a.ssay, which is considered under the heading "limit of error." 

Accepting the result just arrived at that a portion of 1 gram may be 
safely taken for an assay if the particles are i-20th of a millimetre in 
diameter, the further question remains as to what weight of the original 
sample must be reduced to this degree of fineness. This may be answered 
on the principle that the same degree of excellence should be aimed at in 
each of a series of samplings. This principle is illustrated In the table on 
page 2. 

A fine sand, such as would pass a 40 sieve but be retained on a 60 sieve, 
would be fairly represented by particles ocj quarter of a millimetre in 
diameter. This being five times coarser, to contain the same number of 
particles must be 125 times (the cube of 5) as heavy; therefore 125 grams 
of it can be taken with the sam'^ degree of safety as i gram of the finer 
TOwder. Of such a sand about this weight should be taken and reduced 
to the finer powder. If the ore were in coarse sand, say in particles r 
millimetre in diameter, this would be four times as coarse as that la.sf 
considered, and we should have to take 64 times as much of it: 64 time 
125 grams is 8 kilos, or say roughly from 15 to 20 Itw. This should hk 
crushed to t^e finer size and mixed; then from 100 to 150 grams shonl^^ 
be token and ground to the finest powder. 

There is, however, a reason why, on the coarser stuff, a smaller proportion 
may safely be used. This becomes more evident if we consider a still 
coarser sample. A heap of ore in stones about 2 inches across would be 
50 thnes coarser than the sand, and an equivalent sample would need to 
be 125,000 times heavier; this would amount to about 1000 tons. Ezperi- 
enced samplers would say that under such conditions so ^ai^e a sample 
was hardly necessary. 

This is because 1 have a.«5^nmed in the calculations that the grains of 
copper pyrites, for example, were all copper pyrit<^ and the particles of 
gSbgue were free from cop()er. This would be true or nearly ^ for the 
very fine powder, but far from true in the case of the oro heap. ''In .the 
heap probably few of the stones would be pure ore and still ^ewer would 
be free from copper. Tlie stones would differ among themselves in thmr 
copper contents only within certain comparatively narrow limits. And it 
is evident that, if replacing one stone by another, instead of resolting in 
the gain or loss of dl the copper one or other containcKl, merdy affected 
the result to one4entb of this amount, then a sample of i-iootb of the 
Veight (say 10 tons) would be equally safe. 

It should be femembered, however, that while the man who samples <m a. 
large scale can safely and properly reduce the size of his samples on thin 
acbount, yet the princiifie is one which counts less and less as the stuff 
becomes more finely divided, and ought to be ignore in the working down 
•f the smaller samples %hich come to tlBb a^sayer. 
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WET ASSAY or TIN OI!ES« 

Tub wet assaying of tin ores is just now in an interesting stage of de¬ 
velopment, recalling that of Ihe wet assay of copper ores twenty or thirty 
years ago. If my judgment as to the nrgcncy of the problem of slime tin 
bo correct, we ought to see a bteJi- y increasing application of wet 
assaying in the control of openUiuns upon tlie dressing-floors of tin inin^s. 
The chief obstacle to such development will be a mistrust in the minds of 
mining men eitlier as to-^he elliciency of the wet metliods or as to llieir 
cost. Wet methods are being used; those in control of mines are gaining 
experience of them, and their judgment, from winch there is no ;^pea#, 
Will depend on results rathoj^than arguments. Consequently, 1 content 
myself with the stati'ment that the <levclopment will be iuteres ing to 
watch; it may add to that interest if 1 give a sketch of the outfook us it 
appears to me. 

* in tlie first place I venture to predict that the sale of dre>*cd tin ore by 
wet assay will he subject to the control of at least two methods agret-ing 
in their rosulta. This ofiinion probably rests on the analogy of copper 
ores, which may be bought and sold on the results of either the “ iodide” 
or the “ electrolytic " assay. Again, the ore will be finely pulverised ; ^lere 
will be no talk of 8o-mesh sieves, except for t he purpose of grading. The 
necessity for this fineness, just as with telliiridc gold ores, arisc.s from the 
negds of good sampling. There are mechanical pulverisers for the assaycr 
that will put thiough a Rudicient quantity in ten or fifieeii minutes. The 
more important samples will enforce the employment of siicli machines ; 
and once acquired nearly all the samples will be put through them. The 
quantivj^f the tin will not be determined by weighing an oxide; this 
procedure wi'.l not be used even as an alternative method for purposes of 
confirmation. Possibly, the tin may he weighed, more or less frequently, 
as metal. Of the volumetric methods, two, namely, the titrations with 
permanganate and with bichromate of potash, are piecluded because they 
demand solutions free from iron, and iron i.s everywhere. There lemaia 
the well-known titrations with ferric ciiloride and with iodine. These 
should survive as mutually confirffiatory operations. But the iodine 
method will have the wider field of msefulness because the nse of ferrio - 
chloride demands assay liquors free from colour and turbidity, and the 
iodine does not. • 

Using a volumetric method for tin, the assayer should reoo^ise, without 
attaching over-much impoitance|to it^ a quartc^v of a milligram of tin* 
With a ualf-gram charge of ore this q^ntity represents aboot one 

* The Mining Magazine, vol i., p. 231, 

ft 
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poand of tin per t**!!,- consequently, when pounds of,tin per tOiJ, arq 
reported, a larger charge, my two or three grams,,must bj used. Vlie 
a8t>ay*n</ior inhtiy ca^e must contain the <4u as stannouV chloride in a 
fairly acid solution; such liquors must be protected from atmospherip 
oxygen as also from tl at dissolved in tlie viiter and reagents. 'J'he ifn 
in the ireated ore may be got into solution directly stannous chloride* 
ready for tilratiun, or it may be got as stannic chloride from v>hic^ 
etamious chloride may be preiKired by a suhvt > lent treatment. Other 
things being equal, it is obvious that the dirc.» method is the more 
advantageous. 

In the direct method it is necessary to reduce tlio cassiterite in the ore 
to mehtlliu tin and to dissolve the metal in hydrochloric acid. The 
diiliciilty in reducing finely pulverised casbitorite to metallic tin does not 
depend on any dilliculty in selecting a suitable reducing agent. Heated 
coal gas will do it slowly ; magnesium vapour acts with almost explosive 
st>ec-d. and Kinc vapour wilh an intermediate rapidity tliat wins my 
approbation. Jhit each fails in most eases to hiing the whole of the tin 
into a form soluble in hydri>chlorio acid. Jtilveti litharge heated in coal-gas 
can show a similarly incomjdete leduction. My method is to mix the t.in 
ore with zinc oxide, magnesia, or lime before treating with the reducing 
agent. This pievents fritting or iubion during the heating and yields a 
mass that nreaks down ciim]»li tidy wlien treated liberally with hydro* 
•chloric acid ; with inbufiieient at d it yields a clot of hydrated silica, but 
this is 4-asily avoided. My preference is for zinc vapour and zinc oxide, 
but eh'arly these aie not essential to the i)roeesa. One could mix the 
ore with rnauttesia and induce in coal-gas, then dissolve in hydrochloric 
acid, and titiate with ferric chloiide. 'J'his would be essentially the sam^ 
rm-tbod, though nut as 1 ]>rcfer to worb it. When zinc vapour is used as a 
reducing agent, the tin exists in the mass as an alloy with zinc Bn<f so 
disoolvob in the acid more (piiekly than if it existed us small tin buttons. 
Willi droned tin ores the solution is clear and evidently complete; but 
with charges of two or three grams of slime or tailing the liquor is more 
tjian a little turbid with silica and other material. This barely interferes 
with the ease of the titration when iodine is used, and it is hard to believe'* 
that any one will exert himself much to remove the turbidity. It may be 
urged that such turbidity obscures the evidence of the con dete sqlutioa 
of the tin and so destroys security; but there are othe’* grounds for 
*cou!ldence, and resting on these 1 anticiiuite that a large propoition of tlM 
eanqtles will be assayed by such a direct method. x 

Tlieie are some ores and products from the dressing-flo6%2l t^at are 
unsuitable ; some of these will demand a preliminary ckaning in acids; 
but others may yield to an attack by chlorine, supplementing the action 
of the hydrocliloric acid. In this case the liquor will contain stannic 
chloride and the method becomes what 1 am calling an indirect one. 

The tin of the ore can be got in solution as stannic chloride by first 
reducing to metal and then dissolving in hydrochloric acid and chlorine 
as just indicated. Or it can be effected by Mr. E. V. Pearce's method, 
in which the ore is fused with caustic soda or potash or with sodium 
peroxide in a nickel or iron dish, ladle or crucible; to be followed by the 
solution of the fused mass in an excess of hydrochloric add. This has the 
advantage of getting everything, quartz and all, into solution, and the 
disadvantage of bditg available only for^ratber small charge&of say half a 
gram or thereabouts. Tbp preparation of stannous chloride from the 
stannic chloride liquoys can b s done by the old method of precipitating 
tin as a metallic sponge on Sioo and then dissolving it in hydrochloric 
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' acid. But b; uaing iron (as recommended by Mr. ^Pearce) b{ nlcke. (it ) 

‘ i'aQv&incnd)fciDstliad of the luore active zinc, the rc<!uctioa stops at the 
stage of htanPctiiB chloride and the liquor is ready for titrati/jn ; here again 
the advantage lies with the Acre direct method. Thb nickel ii&parts a 
gwen colour to the liquor that is fatal for the ferric chloride titration, but 
'does no'harm to tin deteriufnalion by iodine. The longer method witii 
formation of stannic chloride and subsequent reduction by nickef is tin 
efcbier to teach beginners; and is the one described at p. 285. Hut* the 
ilirect method presents no special difliculty. The changes in the instme 
tions are as follows : The mass, cooled, after treatment with zinc va()onr 
is placed in an 8-ouiice flask, and the crucible and cover are cleaned b} 
immersion in 60 c.c. of hydrochloric acid. The acid is next poured ai 
at once into the ilask, wiiich should then for safety’s sake be connecter 
with a Kipp to collect the evolved hydrogen. Wh'n the action hai 
slackened, the arid is heated to boiling; the boiling is continued for liv( 
minutes and the acid vapours are led into a Woiiltle's bottle, which servei 
as a condenser. The hydrogen in the Kipp is burnt. At the end of lh< 
live minutes, boiling water is poured into the flask, without removing 
the burner, until the bi>lk is about 150 c.c. A nickel coil is then intro 
dticed, just as in the longer method, and the boiling is continued for livt 
minutes. The rest of the work—cooling in carbonic acid and titrating 
with iodine—remains unaltered. 

* That any paiticular ore is suitable for the direct treatment is easil; 
determined. For example, while writing this article we tested a samjih 
of the middle product Iroin a^uss table. A cliarge of 2.24 gin. by tin 
direct meihod gave <a result or 14.5 U>. Two charge.^ of 2.S and 1.4 gm 
by the longer method gave 14.6 and 14 7 respectively. Another chaige o 
1.4 gm., cleaned with acid and then treated by the longer method gavi 
14 f lb. Similar experience with a great variety of materials istfhe prope 
foundation fui cunlideiice. 
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Acid measures, 49 
Acidimelr?, 323 
Acidity ot ore.n, 168 
AcidH, 54 

. 8lieng:th of, 54, 75.436 
Air of mioes, carbonic acid in, 428 
AIkalie'>, 330 

determination of, 331 
* Lawrence Smith’s method for, 
333 412 

8e{>aration of, 332 
Alkalimetry, 323 
Alkaline earths, 320 
AIumin;i, 314 

determination of, 315 
in luiifera) phopliates, 316 
s€^)arHlion of, 314, 316 
^■nal^ainatioii, 126 
Ammonia, detection of, 34T 
determination of, 3 {2 
in natnral waters, 353 
^timony, 225 

detection of, 227 
dry assay for, 226 
gravimetric assay, 228 
separation of, 228 
volumetric assay, 229 
Arsenic, 381 

detection of, 381 
dry assay for, 382 
gravimetric assay, 3S3 a 
in brimstone, 393 
in crudeVsenic, 388, 393 
in mispickel, 125, 392 
iodine, assay for, 386 
fiepara|ion by di^illing, 38^ 
uiunium acetate, assay for, ^89 


Arsenic, yo)liHrd> method applied 
to, 124 

As.*ay book, ii 
rote, 12 
results, 7 
tons, 13, 131 
wet, of tin ores, 450 
AssayinL^ i 

methods, 15 
Assays, clieck, 154 
preliminary, 147 
Atomic weights, 69 

international, table of, 433j 

Babium, 326 
Baryta, 326 

Barytes, sulphur in, 378 
Base bullion, sampling of, 157 
Basic acetate separation, 233 
Baiimes hydrometer 77 
Beryllia, 319 * 

Bismuth, 220 

colorimetric assay 223 
detection of, 221 « • 
gravimetric dgtcraftnat 4 o& ol 
222 

in commercial copper 208 
separation of, 222 
Black tin, 272 
copper in, 204 
Blank assays, 34 
Blende, sulphur in, 375 
sine in, 266 
Book, assay, 11 
laboratory, 10 
sample, 9 

Eeracic acid. 5 ee Beim 
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Z^Bojax, examiaj^|tion of, 431 
Ifbron, 429t ^ 

diruci oe^rmination of^43i 
,B.'ass, copper in, 194 
** zinc in, 265 c 

Bromine and broihidoR, 361 
^Bronze, copper in, 194 
BnrcUcs, 51 

Burnt ore, silver in, 116,118 
sulphur in, 377 


Cadmium, 269 

gravimetric determination, 269 
separation of, 269 
Caesium, 339 

Calcination, 22, 92,139, 345 
Calcium, 320 

detection of, 321 
gravimetric determipation, 321 
separation of, 321 
titration with normal acid, 322 
titration witB perman^nale, 

322 

Calculation of results, 7 
Calculations from formula?, 70 
Grlorific effect coal, 419 
Calorimeter, 419 
Calx, 345 
Carbon, 414 

gravimetric detenninatioc, 416 
f in iron or steel, 423 
Carbonates, 424 

Carbonic acid in the air of mines, 
* 428 

Caustic potash = potassium hy¬ 
droxide, 65 

* Caustic.s<vla= sodium hydroxide, 
. 66 * , 

Cerium, 318 
Chalybite, iron in, 243 
Charcoal, 21, 94 
Check assays for gold, 154 
for silver, 104,113 
Chlorine and chlorides, 359 
Chromium, 307 

gravimetric assay, 309 
in chrome iron ore, 308 
volumetric assay, 309 
Clays, examination of, 316 
* Coals, 418 V * ^ 


^Cobalt, 250 •« 

dctecfjoif of, 25^ 
dry assay^ifor. 251 
gravimetric dm erminCiion, 260 
in hardhead, 288 
sepaniliou from nickel, 254,258/ 
442 ' 

Coke, 25 

Common salt, examination of, 336 
Concentrates, assay for gold of, lao 
Colorimetric assays, 44 « 

Copper, 175 

Copper, bismuth in, 208 

colorimetric assay for, 190, 203 
commercial, arsenic in, 208,38S 
commercial, copjicr in, 193 
commercial, examination of,20$ 
cyanide assay for, 194 
dry assay of, 176 
dry assay, loss of, in 176 
electrolytic assay for, 190, 20> 
gold in, 206 
iodide a«say for, 199 
iron in, 209, 249 * ^ 

lead in, 206 ' 

so^iaration of, 183 
silver in, 205 
sulphur in, 207 
Copper ores, solution 183 
valuation of, 181 

Copper pyrites, copper in, 179, 188, 
198, 202 
sulphur in, 376 

Culm, 22 t 

Cupel, 23, 142 

Oupcllation, loss,corrections for, 103 
loss in gold, 145 
loss in silver, loi , 

of gold lea<l ^loys, 182 
of silver lead alloys, q8, no 
temperature of, T43 
Cyanicides, 169 
Cyanide assay for copper, 194 
for nickel, 255 
for tin, 280 

Cyanides, alkalinity of, 167 
> assay of, 167 

commercial, 160 * 

double, 161 * 

gold-dissoIviDg power, 162 
prussic acid, 162 f 

, volumetric determination of, 

• 163, ths 
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. ^yftnfdc liquors, fTkaliniJy 167 
%2\ssay of, 164, 1^5 
asKa^ oL for'f'old, i%o 
assay 01, for xinc, Ac., 169 

Danikll cells, 18s 
Pitlymin^, 319 
Dollars to tin- ton, 9 
Dry assavs, 16 

Drjifig, 5* 33 


Earths, 314 

the alkaline, 320 
Blectro<les, 187 
Electiolysis for copper, 184 
for nickel, 254 
Equations, 69 
Erbiu, 319 


Ferrous and ferric salts, 231 
FiUiation, 31 
I'lnisliu*^,' point, 42 
Flasks, graduated, 49 
Flaiting, 149 

Fluorine aiul fluorides, 363 
Fluxes, 16,93,^36, 13S. 3{0 
Forniul®. 68 
Farnaces, 25 

Oalbva, load in, 217, 218 
Gangne, 405 

iron in the, 244 
Gas-measuring apparatus, 52 
Gas^, measurement of, 44 
Ga^Lussac's assay for silver, 119 
assay for silver modified, 123 
German silver, copper in, 194 
nickel in, 255, 259 
Gold, 126 

amalgamation of, 126 
in cyanide liquor, 140 
loss of, in cupellation, 145 
loss of, in parting, 154 
preparation of, 63 
silver in* 157* 

silver is, after parting, 154 
•test for, 126 
Gol\-lead alloys, cupellation qf, 14^ 
* samplid^of, 158 •{ 


tlold ores assay witii cyanide toHi* 
tions, 141 '' f 

calcination off 139 *• f 
concentrates, 140 
fluxing 136, 138, 1.^0 
sampling of, 12;^ 
si/.c of assay chaiges, 127 
tailing', ^40 
Oold-parlii. , 150 

platinum in, 145, 154, 170, 171 
Gold-zinc slimr <, 142 
Graduated vessels, ^9 
Gravimetric methods, 15, 27 


HALOOEys, 358 

Hot plate, 30 

Hydrogen, preparation of, 6a 
redu..-oion by, 284 
Hydrometer, 77 


Ignition, 32 

in hydrogen, 284 
Indicators, 42 
Inquartation, 146 
Iodine and iodides, 363 
Iridium. 171 
Iron, 231 

liichromatc assay for, 237, 243, 
carbon in, 423 
colorimetric assay for, 247 
ferrous and ferric, 231 
gravimetric detern lation. 23^ 
permanganate asa.y for, 236, 
238 

phosphorus in, 399 
reduction of ferric sl6l|fbions, 
235,241 ^ 

separation of, 232 
stannous chloride assay for, 244 
volumetric assays for, 234 
Iron ores, iron in, 244, 247 
phosphates in, 399 


Labobatort books, 9 
Lanthanim, 319 

Lawrence Smith’s method for idk* 
• •^«h 333»4« 
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4556 t. 

colofinietric'Visa.v for, 2186 
detection of, 211 
’ dry assay for, 211 

'*gravinietrig doterni*-iution or, 

214 . 

in commercial copper, 200 
in galena, 2 i 7 » 2*^ 
separation of, 211, 213 
Tolumetrio determination of 
chromate iiictliod. 214 
molybdate method, 218 
I.itharge, uae of, in dry assays. 20, 

9 i ^ 

Litliiuin, 338 

Lime, 320 

u)il^‘of, J2I 

volnmetric as>}iys lor. 322 
Limestone, examination ol, 329 
lime in, 324 
Limewater, 321 '• 

Lotbs, 9 


ilAGNKSU, magnesium, 328 
mixture, preparation of, 64 
Mangauese, 298 
'> colorimetric jussay, 306 
detection of, 299 
gravimetric det.crmination of, 

300 . , 

separation of, 299 
volumetric determination of, 
300 , 

JIang.in(iSC peroxide, terrons Bul- 
,' phate assay for, 301 
iodine assay for, 302 
^manganese dioxide, 29S 
Mangat.ese ore, copper in, 204 
' manga-.ese in, 300 
jwroxide in, 302 
Uatte, 18 
Ueasuring, 49 
flasks, 49 
gases, 44, 52 
gold buttons, 133, 440, 
liquids, 49 
silver buttons, 100 
Hecbanlcal methods, 16 . 

Mercury, i 7 i 

dry assay, 172 , 

HS, assay, 173 


Metallic particles in ores, gold,, • 
129 

partioUs inbr£s, siJver, 108 
Micrometer,'i 33 

Microscope, measuring with t*-e, 
440. '33 

Mispickel, arsenic in, 125, 392 
sulphur in, 376 * 

Moisture, 7, 350 

Molybdate separation for phoa 

phates, 395 

solution, prcjiaration of, 60 
Molybdenum, 311 
yi utile, 25 


N BSsnEK’s solution, 342 
Miekel, 251 

dry assay for, 251 
electrolytic assay, 254 
gravimetric delermination of, 

25 » 

in lie)man silver, 255, 259 •, 
separation from cobr’t, 2>{tt. 

258,442 . 

aeparai ion from won, 258 
seisiraiion from manganese, 258 
sejiaraiion of, 253 
volnmetric assay, 25$ 

Niobium, 2970 
Nitre, 22 

use of, in dry assays, 95 
Nitrogen and nitrates, 460 
I Nitrometer, 403 

I Normal acid, normal solutions, 323 


Obes, determining water in, S, 351 
drying, 5 

powdering, 4, 109, 13°, 44 * 
quantities of, for an assay, II, 

27,127 

sampling, i, 127 ,444 
with metallic particles, 3, 108, 


129 

Osmiridimu, 171 
Osmium, 171 

Ounces to the ton, long, 107 
to the ton, short, 132 
Oxidation, 34S 

»Oxidas, 745 . ... 

deUrinination of oxygen In, 340 


I 
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4^7 


• Oridising agentf, 22, 9513I5 
• eir^t of ni^e, 95 
effect %f nimc ac^, 56 
Oxygen, 344 

c'^uivalent, 358 
in natKiral waters. 344, 356 
in ores, 348 


Pa^LADIUH, 171 
Parting. 150 
ocidsi, 150 
in flasks, 151 
in glazed crucibles, 153 
in special apparatus, 156 
in test tubes, 152 

Phosphate, assay of apatite for, 399 
assay of iron ore for, 399 
Phosphates, gravimetric assay, 396 
^ •\olttmetric assay, 397 
Phosphorus and ^mosphates, 394 
. in iron, 399 
50,120 

Platinmn, 170 

in gold. 145, 154 , >70 
Potash, commercial examination of, 

338 

Potassium, 33^ 

gravimetric determination, 337 
Potassium cyanide, 22, 65.160 
commercial assay of, 167 
commercial, purity of, 161 
Powffering, 4, 130, 448, 109 
Precipitation, 30 
Precipitates, drying, 32 
igniting, 32, 34 
• washing, 31 

Frsliminar; assays, 104, 147 
Preparation of acids, 54 
of other reagents,' 39 
Prill, 108, 129 
Prodnce, S 

Pyrarsenate of magnesia, 383 
Pyrites, iron in, 244 
snlpbnr in, 370, 376 
Ilyrophosphate of magnesia, 397 


^I^KTITT to be taken for an assay, 
11,27, 127 
Snaitation, 146 
Qoarterlng, * 


KKASKKTa, Strength sf, 54 
lied lead for dry assay,, Jp, 22, 94 
Reducin^agente, 21, 94* ^ 
effects of charcoal, Aco,, 94 
effecISof mineipl sulphided, 9$,' 
97 , 98 

Reduction by hvdr<^en, 284 

of ferric st. luilons. 235, 242, 244 
Kegulus, 18 
Report form, 12 

Results, calculation of, 7,13,16, 38, 

107.13I113* 

statement of, 7 
Rhodium, 171 
Roasting, 22, 345 
Rolling, 149 
Rubidium, 340 
Ruthenium, 171 


Sample book, 9 
Sampling, 1 

effect of powdering on, 449 

errors, 447 

gold ores, 127 

metals, 157 

theory of, 444 

Scorifioation of silver ores, 88 
Scorifier, 23, 89 
Selenium, 379 

Separaticn, as sulphide^ 57 
basic acetate, 233 ' 
molybdate, 395 
Shales, bituminous, 420 
Silicon and silicates, 405 
in iron, 414 

Silica in rocks, 409 * 

in slags, 414 

Silicates, alkalies in, 333,.4'Ty 
beryllia in, 320 > ’ * 

examination of, 409 
titanium Ui, 411 
Silver, 87 

correction tor cupellation loss, 

, 103 

detection of, 87 
Gay-Lussac's assay, 119 
Ga;^-Lussac’B assay modifi^ 

graVimetric determination of, 

^ 117 

' in .bullion, 113 
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^Uver in bunjl. ore, 116,118 
in c®)per, 205 
in g^Am, 114 
in lead, 113 
’n oxide oHcad, ii3( 
in silver pr&cipilate, 11$ 
loss in cupeilatioi), (oi 
pure preiiaration of, 66 
Volhard’s assay, 121 
volutuciric methods, 119, 121. 

123 

Silver load alloys, cupellation of, 98 
sampling of, 157 
Silver ore, crncible assay of, 90 
molallic particles in, 108 
scorificaiiun of, 88 

y .'liarges, 11, 27,127 

Rlags. 19 
Soda-lime, 425 
Sodium, 334 
Sodium cyanide, 160 
Solution, 29 
Solutions, normal, 323 

standard, 36 - 

Sj)eoific gravity, 75,436 ^ 

Speise, 19 
Sundard, 37 
solutions, 36 
^Standardising, 37 
Steel, carbon in, 423 
chromium in, 310 
manganese in, 300 
Stoking, 25,' 143 
Strength of reagents, 54 
Strontium, 324 
Sglpbates and sulphur, 367 

gravimetric determination, 369 
volumetric determination, 370 
Sulphides, reducing action of, 9, 95 
Su^ht{i 5 ^ate assay for silver, I2x 
Sulphur in blende, 375 
in burnt ore. 377 
. in chalcocite, 376 
in coal, 419 
in copper, 207 

in copper pyrites, 376 ^ 

in mispickel, 376 
in pyrites, 370, 376 
Sulphuretted hydrogen,predation, 

57 I 

Surcharge, 154 

System 1^ assaying, 28 ^ ^ 


Tabls, ntevnio weights, 433 
comparing thermometers, t 
000066*^0 tile Ibng ton,'107 
ounces to the short ton, 13 
sp. g. ammonia, 438 
sp. g. hydrochloric a».id, 43 
sp. g. minerals, 86 
sp. g. nitric acid, 436 * 
sp. g. sulphuric acid, 4^ 
sp. g. water, 83 , 

Tantalum, 2970 
1’arUr, 20, 94 
Tellurium, 379 

Improved tcirt for, 150 
Thallium, 219 
Thorium, 317 

Tin, 271. also Black Tin 
assay for, by vanning, 276 
Co^ni^h as.^ay, 278 
cyanide assay, 280 
gravimetric determination of, • 
284 

separation of, 283 
volumetric assay for, 2&^ 
wet assay of ores of, 450 
Titanium, 295 

detection of, 296 
inrock.s4ii 
separation, &;c., ^97 
Titration, 35 

indirect, 43, 72 * 

Ton, assay, 13,131 

long, 2240 lbs. = 32,666.^01., 
107 

short, 2000 lbs.« 29,1666.6 os., 

132 

Tungstates, 297a 
Tung'len, 297a 
Tungstic acid, 297a 

gravimetric determination,297b 
in wolfram, 297^ 

Uranium, 312 

Valuation, of copper ores, 181 
Vanadium, 310 
Vanning, 2^5 

Volbard‘8 assay applied to arsealof 
124 « 

silver astay, 121 

Volume-corrector, 53 r 

Vjilumetric assay, 35, 38 

V. i- t 
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• » Watbb, 7, 350 • 

* (Ui^ct detenninatian of, 351 
examinatid^ jf, 3 ^ 
expanBion of, 83 
Boii(1s in, 354 
Weitthina 47 
* Biuall gold buttons, 131 
Wefgliib, 47 

Woltrain, an anulysiu of, 2970 
. tungstic acid in, 2970 


Xttbia, 319 






Zinc, 201 

commoroial,# exa] 
2<<i . 




commeroia), iron in, 249 
comibcrciat, l^d in. 214 * 
dry assay, 261 
gasohi-iric assay, 266 
grav! luaric determination. 262 
in blende, 266 
in cyanide liquors, i 9 
in silver pre( im itate 266 
separation of, 262 
volumetric essay^ 2O3 
Zirconia, 317 
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